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PAPER  No.    199 

THE  DREDGING  FLEET  OF  MONTREAL.  HARBOUR. 

By  H.  A.  Bayfield,  A.  M.  Can.  Soc.  0.  E. 

To  fully  descrihe  the  working  part  or  details  of  operation  of  the 
various  machines  comprising  a  dredging  fleet  is,  of  course,  beyond 
the  limits  of  this  paper  and  therefore  the  writer  will  only  touch 
upon  such  points  as  he  deems  of  common  interest  among  dredge 
men. 

The  Harbour  Commissioners'  Dredging  Fleet  proper  at  present 
consists  of  four  dipper  dredges,  five  floating  derricks,  one  drill  boat, 
five  tugs  and  twenty-three  scows.  There  are  other  machines,  but  as 
the  work  done  by  them  cannot  be  said  to  pertain  to  dredging,  no 
particular  mention  will  be  made  of  them.  It  may  be  stated,  how- 
ever, that  the  complete  fleet  comprises  forty-one  vessels. 

The  work  performed  is  for  the  most  part  conflned  to  dredging 
in  localities  where  deeper  water  is  desired,  the  material  dredged 
being  utilized  in  the  construction  of  piers,  wharves  and  other  har- 
bour improvements. 

The  dredges  deposit  their  material  on  scows  which  are  unloaded 
by  the  floating  derricks  at  points  where  fllling  is  needed. 

With  the  exception  of  one  dredge  and  one  derrick,  the  fleet  works 
day  and  night,  offsetting  to  a  certain  extent,  the  disadvantages  of  a 
short  season.      The  total  number  of  men  employed  in  operating  the 
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fleet  is  220  during  the  warm  weather,  but  a  slight  increase  In  the 
force  takes  place  in  the  late  autumn  owing  to  the  extra  labour 
necessary  when  lines  are  frozen  and  declis  coated  with  ice.  In  an- 
other portion  of  this  paper,  mention  is  made  of  the  number  of 
hands  required  to  work  each  vessel  and  also  the  duties  assigned  to 
individuals. 

The  dredges  are  all  of  the  dipper  or  spoon  type,  their  principal 
dimensions  being  as  follows:  Length  of  hull  90  ft.,  width  of  hull 
36  ft,  maximum  depth  of  hold  from  9'  6"  to  10'  9"  according  to 
dredge;  size  of  main  engine  16"  x  18"  double  cylinder. 

Each  dredge  has  three  spuds,  two  at  the  bow  and  one  at  the 
stern.  The  bow  spuds  are  each  operated  by  two  wire  ropes,  one 
for  lifting  and  one  for  pinning  up,  the  former  passing  around  a 
sheave  located  in  the  spud  near  its  lower  end  and  the  latter  over 
a  similar  sheave  held  in  a  casting  at  the  upper  end.  The  lifting 
and  pinning  up  wires  lead  to  the  same  drum,  one  coming  in  while 
the  other  comes  off.  The  forward  spud  drums  are  operated  by  the 
main  engine,  clutches  and  brakes  being  provided  for  throwing  in 
and  out  of  gear  or  holding  the  drums  stationary.  The  stern  spud 
is  raised  by  a  wire  rope  attached  near  the  lower  end,  no  spud 
sheaves  or  pinning  up  arrangement  being  used.  The  wire  passes  to 
a  drum  driven  by  an  engine  which  also  actuates  the  deck  capstans. 
This  spud  passes  through  an  aperature  in  the  stern  deck  and  is  held 
in  position  by  rollers  carried  in  yokes,  one  at  the  deck  line  and  the 
other  at  the  top  of  the  spud  slides.  The  upper  yoke  is  directly 
secured  to  the  piston  rod  of  a  long  stroke  steam  cylinder,  thereby 
affording  means  of  moving  ahead  when  the  bow  spuds  are  lifted. 

The  dipper  is  lifted  by  means  of  a  single  wire  rope  passing  to  a 
spirally  grooved  drum.  The  diameter  of  the  drum  varies  in  such 
a  manner  that  the  wire  comes  in  slowly  while  the  bucket  is  in  the 
cut  with  an  increase  of  speed  when  the  dipper  is  clear  of  the  mater- 
ial being  dredged.  The  drum  is  driven  by  two  cast  steel  spur  gears 
which  engage  or  disengage  with  the  drum  by  means  of  a  pair  of 
belt  frictions  operated  by  a  toggle  joint  mechanism  and  a  steam 
thrust  cylinder. 

The  dipper  handles  used  are  of  the  split  type  and  are  built  of 
Douglas  fir  encased  on  all  sides  by  steel  plates,  the  plating  being 
secured  by  I.owmoor  iron  rivets  which  pass  through  the  wood  from 
plate  to  plate.  A  heavy  steel  casting  with  lugs  to  receive  the 
bucket  connections,  is  bolted  to  each  side  of  the  handle  at  its  lower 
end. 

The  ha^ldle  is  gripped  or  allowed  to  slide,  as  the  case  may  be 
by  means  of  a  steam  piston  and  a  combination  of  fibre-covered  plates 
which  bear  upon  the  sides  of  the  handles  as  well  as  upon  four  long 
plates  secured  to  the  inner  surfaces  of  the  split  portion  of  the  arm. 
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Rivets  axe  snap-headed  wherever  possible,  but  unfortunately 
their  use  is  very  restricted  on  account  of  the  necessity  of  having  a 
smooth  surface  where  the  handle  passes  through  the  friction 
trunnion  box. 

Several  designs  of  steel  bucket  arms  have  been  tried,  but  as  the 
rivetting  gave  continual  trouble  they  have  been  discarded  in  favour 
of  those  of  combined  wood  and  steel  construction.  The  latter  are 
comparatively  easy  to  repair  and  give  good  satisfaction  generally. 

The  total  weight  of  a  handle  as  described  above  is  about  26,600 
lbs.  There  is  no  doubt  whatever  that  a  solid  dipper  arm  would 
prove  much  more  durable  than  one  split  for  the  greater  portion  of 
its  length,  but  its  use  is  hardly  possible  with  a  single  hoisting  wire. 

The  standard  bucket  is  of  seven  cubic  yards  capacity,  and  is 
built  with  a  curved  lip  and  front  There  are  also  a  few  straight 
lipped  dippers  of  five  and  a  quarter  yards  cap'iicity,  but  though 
specially  designed  for  dredging  very  hard  material  they  have  proved 
not  at  all  superior  to  the  larger  bucket  and  are,  therefore,  used  only 
for  work  in  a  strong  current  where  swinging  is  difficult  with  the 
dipper  of  large  size,  or  when  filling  boxes  which  the  seven  yard 
bucket  would  overload.  The  body  or  shell  of  both  sizes  of  dippers 
is  of  steel  plate,  with  butt  joints  and  single  cover  strap.  The  lip 
and  lower  band  are  of  cast  steel  and  are  ri vetted  to  the  shell, 
rivetting  being  countersunk  on  the  inside  to  insure  a  smooth  surface. 
The  door  is  composed  of  a  single  piece  of  inch  and  a  quarter  steel 
plate  rivetted  to  a  cast  steel  hinge  piece.  The  latching  device  is  on 
the  toggle  joint  principle,  and,  considering  the  extremely  severe 
usage  it  is  subjected  to,  gives  good  satisfaction.  Bails  are  a  single 
steel  casting,  secured  to  the  hoisting  wire  socket  a  cast  steel  shackle. 
The  shackle  takes  up  considerable  room,  but  its  use  is  necessary  to 
prevent  Injury  to  the  wire  by  sharp  bending  at  the  point  where  it 
enters  the  socket 

EsLch  dipper  carries  four  teeth  which  are  of  cast  steel  with  chisel 
points.  The  teeth  are  made  hook  shaped,  the  hook  fitting  over  the 
lip  at  places  where  projecting  lugs  are  provided  to  prevent  side 
play.  The  lower  end  of  each  tooth  is  secured  to  the  shell  by  four 
bolts.  With  this  arrangement  of  fastening,  a  change  of  teeth  can 
be  effected  in  about  half  an  hour. 

Several  attempts  have  been  made  to  design  a  dipper  tooth  that 
will  last  a  reasonable  length  of  time  in  hard  digging.  Detachable 
points  of  hardened  steel  were  experimented  with  but  proved  a  failure 
through  lack  of  strength  either  in  the  point  itself,  or  in  the  body 
of  the  tooth  which  had  to  be  cut  away  to  receive  it. 

Silver  Fteel  tips  were  V  welded  into  the  teeth  and  given  a  trial  in 
rock  digging.      It  was  found  that  when  the  points  were  tempered 
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sufficiently  to  wear  well,  they  were  brittle  and  broke  too  frequently 
to  warrant  their  use. 

At  present  the  only  effort  being  made  to  improve  the  lasting 
qualities  is  confined  to  heating  and  dipping  the  tooth  point  after  It 
is  drawn  out  under  the  hammer. 

The  life  of  a  set  of  teeth  will  of  course  depend  upon  the  nature 
of  the  material  being  dredged.  In  unblasted  grey  rock  seven  hours 
continuous  work  is  a  fair  average  as  shown  by  records  kept  by  the 
writer.  Upon  becoming  too  blunt  to  hold  well,  the  points  are  again 
hammered  out,  but  there  is  a  limit  to  the  drawing  out  process  and 
the  tooth  soon  goes  to  the  scrap  pile. 

During  last  season  the  four  dredges  of  the  fleet  used  up  181  teeth, 
each  tooth  having  been  in  service  at  least  four  times. 

The  weights  of  the  several  parts  of  a  seven  yard  dipper  are  as 
follows: — 

Cast  steel  lip 2,510  lbs. 

Cast  steel  bottom  band 3,230 

Cast  steel  bail 1,335 

Door,  complete,  with  latch 2,230 

Shell 1,500 

Cast  steel  shackle 125    " 

Rivets,  pins,  etc 605 

Four  cast  steel  teeth 1,800 


tt 
it 


tt 


tt 


Total  weight  of  bucket 13,335    " 

Considerable  trouble  has  been  experienced  on  account  of  the  very 
rapid  wear  of  the  faces  of  the  latching  dogs,  even  though  they  have 
until  very  recently  been  made  of  mangenese  steel.  Castings  of 
common  steel  with  faces  hardened  as  much  as  possible  are  now 
being  tried  and  though  the  duration  of  the  test  will  not  allow  of  a 
decision  as  to  the  wearing  qualities,  it  is  certain  that  they  withstand 
shocks  and  blows  far  better  than  those  of  mangenese  steel. 

Experiments  are  in  progress  to  determine  the  advisability  of 
annealing  all  steel  castings  used  in  the  construction  of  buckets  and 
clams.  There  is  no  doubt  that  the  initial  strain  in  some  of  these 
castings  is  very  high,  as  its  presence  is  frequently  denoted  by 
shrinkage  cracks.  It  is  hoped  that  annealing  will  relieve  more  or 
less  of  this  tension  and  materially  increase  the  life  of  the  piece. 

With  regard  to  rivetting,  it  has  been  proved  that  rivets  driven 
by  pneumatic  tools  are  superior  to  those  put  in  by  hand.  The  drift 
pin  seems  unavoidable  in  work  of  this  kind,  but  it  is  certain  that 
were  all  holes  drilled  fair  and  good,  slack  rivets  and  broken  cast- 
ings would  not  be  so  common. 
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.  Taking  the  spud  record  of  the  last  three  seasons,  it  has  been 
found  that  the  average  life  of  a  thirty-six  inch  by  thirty-six  inch 
(36"^  X  Z^")  dredge  spud  is  5.7  months,  working  day  and  night.  It 
must  be  remembered  that  the  dredges  have  been  working  for  the 
greater  proportion  of  the  time  in  rock  and  hardpan  at  a  depth  of 
water  ranging  from  30  to  40  feet  Examination  of  the  broken  spuds 
has  shown  that  in  most  cases  the  failure  was  due  to  the  giving  way 
of  the  outer  fibres  of  the  stick  under  tensile  stress.  A  few  spuds 
however,  have  failed  by  a  longitudinal  shear  along  the  grain. 

Two  dredges  are  now  being  fitted  with  forward  spuds  42"  x  Ai" 
and  it  Is  hoped  that  they  will  prove  more  satisfactory  as  regards 
length  of  service. 

The  boom  is  built  entirely  of  steel  and  is  supported  at  its  outer 
end  by  two  parts  of  a  wire  rope  which  passes  around  a  revolving 
cap  on  a  pivot  at  the  apex  of  the  A  frame.  The  A  frame  is  of  wood, 
its  lower  extremity  relating  upon  the  top  of  the  forward  spud  slides. 
It  is  guyed  by  wire  cables  extending  aft  to  the  lower  members  of  the 
hog  frames. 

Three  of  the  dredges  have  wooden  hulls,  but  the  latest  machine 
is  built  of  steel. 

A  dredge  crew  is  composed  of  one  engineer,  one  assistant  en- 
gineer, one  cranesman,  one  fireman,  and  four  deckmen.  The 
engineer  has  charge  of  the  whole  machine  and  is  responsible  for  its 
operation  generally.  He  handles  the  levers  controlling  the  main 
engines,  capstan  engines,  spud  drums  and  stern  spud  moving  ahead 
gear.  The  assistant  looks  after  the  machinery  and  sees  that  lubri- 
cators and  oil  cups  are  filled  and  in  proper  working  order.  He  also 
relieves  the  engineer  when  the  latter  has  for  any  reason  to  leave 
the  operating  dredge.  The  cranesman  stands  on  a  small  platform 
secured  to  the  side  of  the  boom  and  manipulates  the  levers  controll- 
ing the  swinging  engine,  backing  drum  and  dipper  handle  com- 
pression cylinder.  The  fireman  tends  the  boiler  and  when  oppor- 
tunity permits,  is  supposed  to  help  the  assistant  when  oiling.  The 
deckmen  handle  lines  and  do  general  work  about  the  dredge. 

A  night  shift  is  identical  with  the  day  crew  but  has  in  addition 
a  watchman  whose  duties  are  to  scour  fioors  and  decks,  wipe  down 
the  machinery  and  keep  the  dredge  throughout  as  clean  as  possible. 

Dredges  2,  3  and  4  are  equipped  with  Clyde  boilers,  while  No.  1 
dredge  has  a  boiler  of  the  locomotive  type. 

Four  of  the  floating  derricks  are  equipped  with  clam  shells  of 
approximately  four  cubic  yards. capacity.  The  clam  shells  unload 
soft  material  exceedingly  well  and  also  give  good  satisfaction  when 
handling  rock  provided  it  is  fairly  well  broken.  In  the  latter  class 
of  work  the  clams  are  fltted  with  cast  steel  teeth  which  can  be 
attached  or  detached  In  a  few  minutes  time.  The  remaining  der- 
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rick  has  tackle  for  handling  four  yard  boxes  which  are  used  almost 
exclusively  for  rock  work.  The  boxes  are  arranged  closely  to- 
gether on  scows  and  the  dredges  load  directly  into  them,  care  being 
taken  not  to  overload  or  cover  up  the  iron  work  provided  for 
attaching  the  derrick  hoisting  and  tripping  chains. 

The  principal  dimensions  of  a  derrick  are  as  follows: — ^Length 
of  hull,  76  ft;  width  of  hull,  27  ft.;  maximum  depth  of  hull,  T  6*  to 
8'  0''  according  to  derrick  ;  size  of  main  engine  12'^  x  14^^  double 
cylinder. 

The  boom  is  80  feet  long  and  is  swung  by  a  turn  table  working 
on  a  pivot  casting  fastened  to  the  forward  deck 

The  spud  arrangement  is  similar  to  that  of  the  dredges,  namely, 
two  at  bow  and  one  at  stern.  Spuds  are  operated  by  wire  ropes  as 
in  the  dredges,  but  the  method  of  braking  or  holding  spuds  in  one 
position  varies.  In  derricks  5  and  6  the  spuds  are  equipped  with 
chains  which  run  on  rollers  held  in  castings  at  the  top  of  the  spud. 
One  end  of  the  chain  is  secured  to  one  side  of  the  spud  slides,  while 
the  other  end  passes  through  a  clamping  device  bolted  to  the  oppos- 
ite side  of  the  slide.  When  the  .derrick  is  pinned  up,  the  clamps  grip 
the  chain  and  carry  the  load.  Derrick  No.  4  has  a  wire  instead  of 
the  chain.  In  derricks  1  and  3  the  arrangement  is  identical  with 
that  of  the  dredges.  The  weight  is  carried  by  the  top  wire,  the 
drums  being  held  stationary  by  brakes. 

The  original  spuds  used  were  21"  square  but  as  they  have  not 
proved  durable,  they  ara  being  replaced  by  spuds  21"  x  27". 

The  main  engine  has  two  grooved  drums,  one  for  the  hoisting 
wire  and  the  other  for  the  tripping  wire.  Both  drums  are  fitted 
with  ordinary  cone  driving  frictions  which  are  thrown  in  or  out  of 
gear  by  steam  thrust  cylinders  secured  to  the  drum  shaft  and 
revolving  with  them.  Drums  are  checked  by  brake  straps  operated 
by  foot  levers. 

Two  derricks  have    steel  hog  frames  and  back  legs,  but  the  others 
are  of  wood  throughout. 

A  derrick  day  crew  is  composed  of  one  engineer,  one  assistant, 
one  fireman  and  four  deckhands.  The  night  crew  is  the  same  but 
with  an  additional  hand  as  watchman.  The  engineer  is  in  charge 
of  the  shift.  The  assistant  works  with  the  engineer  in  the  operat- 
ing cabin,  the  fireman  doing  the  necessary  oiling  besides  firing.  The 
deckhands  tend  the  lines. 

As  before  stated,  five  tugs  are  in  operation.  Two  of  them  are 
of  steel  construction  while  the  others  are  of  wood. 

Th«  "Robert  Mackay,"  the  larger  of  the  two  steel  boats,  was  built 
by  Messrs.  Carrier e  &  Lain6,  of  Quebec,  and  delivered  to  the  Har- 
bour Commissioners  in  the  fall  of  1901.  Her  principal  dimensions 
are  as  follows: — 
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HULL. 


Length  over  all 81'    9 

Length  between  perpendiculars 71'    O'^ 

Moulded  beam 16' 10" 

Draught  with  full  coal  bunkers,  about 11'    0 


/f 


ENGINE.    (Fore  and  Aft  Compound.) 

Diameter  of  high  pressure  cylinder 16 

Diameter  of  low  pressure  cylinder Z2^ 

Stroke  of  pistons 24 


ff 


n 


The  high  pressure  cylinder  is  fitted  with  piston  valve,  while  the 
low  pressure  has  a  double  ported  balance  slide  valve. 

When  running  at  125  revolutions  per  minute  the  engine  Indicates 
about  440  horsepower. 

The  engine  is  equipped  with  a  steam  reversing  gear  actuated  by 
a  ste&m  cylinder  fastened  to  the  bed  plate.  It  is  quick  in  its  action 
and  is  so  constructed  that  the  linlw  can  be  held  in  any  position 
which  feature  is  of  value  when  a  variation  of  cut  off  is  desired. 

BOILER. 

(Water  leg  firebox,  return  tubular.    Two  D  flues  leading  to  a  single 

combustion  chamber.) 

Length  over  all 12'©" 

Diameter  of  shell 8' 9" 

Area  of  fire  grate 43  sq.  ft 

Total  heating  surface 1402  sq.  ft. 

Ratio  of  H.  S.  to  area  of  fire  grate 32.6 

Ratio  of  fire  grate  area  to  area  through  tubes. .         6 

It  may  be  stated  that  this  boiler  is  an  excellent  steamer,  and, 
considering  the  exceptionally  heavy  towing  the  boat  does,  the  coal 
consumption  is  not  high.  A  table  showing  the  coal  consumed  by 
the  various  vessels  of  the  fleet  is  given  below,  though  it  must  be 
borne  in  mind  that  the  fuel  burned  by  a  tug  depends  greatly  upon 
the  conditions  under  which  the  boat  is  working,  and  that  as  these 
conditions  vary  from  day  to  day,  it  is  difficult  to  more  than  average 
the  quantity  of  coal  used  per  stated  interval.  The  quality  of  the 
coal  is  also  a  varying  factof . 

Steering  is  done  by  means  of  a  steam  steering  gear  operated  by 
a  direct  steam  cylinder  fitted  with  a  single  piston  secured  to  the 
centre  of  a  rod  which  passes  through  both  cylinder  heads,  the  rods, 
being  attached  to  the  tiller  rope.  A  controlling  lever  in  the  pilot 
house  moves  a  specially  constructed  valve  gear  admitting  steam  to 
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either  side  of  the  piston  as  may  be  desired.  The  apparatus  is  so 
designed  that  the  piston  follows  the  motion  of  the  steering  lever, 
ceasing  to  move  when  the  lever  becomes  stationary.  The  whole 
arrangement  has  proved  very  efficient  and  convenient,  especially 
for  quick  work  when  handling  scows  in  confined  spaces.  Owing  to 
the  rapid  action  of  this  steering  gear  upon  the  rudder,  it  is  an  easy 
matter  to  cause  the  boat  to  roll  and  advantage  is  taken  of  this  fea- 
ture when  the  tug  is  breaking  heavy  Ice.  Without  the  rolling 
movement,  five  inches  of  green  ice  will  stall  the  boat,  but  nine 
inches  can  be  broken  with  engines  at  full  speed  and  the  rudder 
moving  from  side  to  side  as  fast  as  the  tug  will  roll  it 

On  the  28th  of  November  last,  the  writer  received  orders  to  pro- 
ceed to  Cascade  Point  and  render  all  possible  assistance  to  the  light 
ship  "Lurcher"  which  was  on  her  way  to  the  Atlantic.  The  "Robert 
Mackay",  having  already  quite  a  reputation  for  freeing  ice-bound 
vessels,  was  chosen  as  being  most  suitable.-  While  passing  through 
the  Lachine  Canal  several  miles  of  six  inch  ice  were  steamed 
through,  and  with  the  exception  of  a  diminished  speed,  no  difficulty 
was  experienced.  On  reaching  the  Lake  St  L<ouis  end  of  the  canal, 
it  was  found  that  lolly  had  accumulated  and  frozen  to  a  thickness 
of  about  nine  inches.  The  progress  at  this  point  was  slow,  but  at 
no  time  did  the  tug  become  stalled.  It  will  doubtless  be  remem- 
bered that  several  tugs  and  their  tows  were  frozen  in  the  canal  at 
the  time.  To  them  the  arrival  of  the  "Mackay"  meant  a  great  deal 
for  they  were  able  to  proceed  to  their  destinations  with  very  little 
further  trouble. 

The  presence  of  floating  timber  and  other  obstacles  renders  the 
use  of  the  sectional  propeller  a  necessity,  and  all  the  tugs  of  the 
fleet  are  equipped  with  wheels  of  this  style.  Broken  blades  are  a 
frequent  occurence,  but  the  replacing  of  a  blade  or  even  a  whole  set, 
is  a  small  matter  when  compared  with  fitting  a  solid  wheel.  The 
propellor  blades  of  the  "Robert  Mackay"  are  of  cast  steel,  while  the 
other  tugs  have  cast  iron  blades.  Except  when  breaking  ice,  the 
use  of  steel  for  this  purpose  is  of  doubtful  merit,  on  account  of  the 
great  danger  of  Injury  to  the  tail  shaft  and  shoe  if  the  blades  do  not 
give  way  on  striking  a  heavy  object.  Another  objection  to  their  use 
is  the  difficulty  of  securing  castings  with  smooth  surfaces. 

While  dealing  with  the  subject  of  tug  boats,  it  may  be  stated  that 
ease  and  accuracy  of  handling  is  an  essential  feature  in  a  tug  which 
is  to  render  efficient  service  in  a  crowded  waterway.  The  steers- 
man should  not  be  forced  to  exercise  his  full  muscular  strength 
when  moving  his  wheel,  nor  should  the  movement  of  the  rudder  be 
so  slow  as  to  allow  an  undue  length  of  time  to  elapse  before  the 
boat  alters  her  course.  The  engineer  should  not  have  to  wrestle 
with  a  ponderous  reverse  lever  or  unbalanced  throttle,  and  above  all 
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he  should  not  be  cursed  with  an  engine  liable  to  stick  on  the  centre. 
A  steam  steerer  will  enable  the  tug  captain  to  perform  quicker  and 
better  work  and  the  engineer  can  respond  to  his  bells  with  certainty 
and  despatch  when  his  engine  is  fitted  with  steam  reversing  gear, 
properly  designed  throttle  and  a  two  cylinder  fore  and  aft  engine 
with  cranks  at  ninety  degrees. 

The  single  cylinder  engine  of  large  size  is  exceedingly  difficult 
to  handle  if  even  a  moderate  amount  of  exhaust  lap  is  given  to  the 
valve,  and,  in  the  opinion  of  the  writer,  should  never  be  installed 
unless  first  cost  or  lack  of  space  forbids  the  adoption  of  a  fore  and 
aft  double  engine  with  ninety  degree  cranks.  The  double  engine 
with  cranks  at  one  hundred  and  eighty  degrees  is,  of  course,  as  bad 
as  regards  sticking  on  the  centre,  and  unless  handled  with  great 
care  by  a  skilful  engineer,  is  bound  to  give  trouble  sooner  or  later. 

Except  when  working  in  the  SL  Mary's  current,  the  water  avail- 
able for  boiler  feed  is  generally  of  a  muddy  character  and  much 
trouble  is  experienced  by  the  rapid  accumulation  of  a  muddy 
deposit  in  the  boilers.  Frequent  blowing  off  and  examination  is 
imperative,  the  frequency  of  doing  so  depending  upon  the  style  of 
boiler  and  the  locality  in  which  the  vessel  is  working. 

Ordinary  vertical  boilers,  unless  the  tubes  are  set  in  well  separ- 
ated rows,  without  staggering,  have  given  much  trouble  from  this 
course  and  cracked  crown  sheets  are  not  uncommon.  With  pure 
water  they  give  fair  satisfaction,  but  when  using  feed  heavily 
charged  with  impurities,  their  use  is  not  advisable.  With  this  type 
of  boiler,  and  in  all  boilers  for  that  matter,  numerous  washout  plugs 
should  be  provided,  not  scattered  promiscuously  about  the  shell  but 
so  located  that  every  portion  of  the  boiler  liable  to  become  foul 
can  be  reached  by  scraper  and  water  Jet 

In  the  locomotive  firebox  type,  the  crown  sheet  offers  a  good 
lodging  place  for  mud  and  especially  is  this  the  case  when  girder 
stays  are  used.  Radial  stay  bolts  and  a  curved  crown  will  do  much 
to  prevent  the  accumulation  of  mud. 

The  Clyde  and  Fitzgibbon  boilers  have  proved  the  easiest  to 
maintain  in  this  respect,  though  the  combustion  chamber  crown 
sheets  of  both  these  types  require  careful  attention. 

In  certain  parts  of  the  harbour,  the  water  is  so  impure  that  it 
causes  foaming,  and   water  tanks  filled '  outside  the  Mackay  Pier 

have  to  be  kept  alongside  the  vessel,  hose  connections  leading  to  the 
injector  or  feed  pump. 

Boiler  compounds  have  been  experimented  with,  but  to  no  great 
extent,  as  the  first  attempts  in  this  direction  developed  leaks  owing 
to  the  loosening  of  scale  which  probably  had  been  acting  as  a  seam 
filler  for  a  greater  or  lesser  length  of  time. 

Although  the  rate  of  coal  consumption  varies  considerably  from 
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month  to  month,  a  statemont  showing  the  average  fuel  burned  may 
be  of  interest 


Type  of  Vessel. 


Dredge, 


Floating  Derrick 


Tug. 


Tug. 


Tug. 


Tug. 


Size  of  Main      *  Goal  per  month 


Engine. 

16'^  X  IS''  two  cyls. 
simple  non-cond. 

12"  X  14*  two  cyls. 
simple  non-cond. 

16"  &  32^  X  24" 
Ck>mpound  cond. 

20"  X  22" 
simple  non-cond. 

16"  X  18" 
simple  non-cond. 

9"  X  10" 

simple  non-cond. 


per  vessel. 

106  tons 
Double  Shift 

53  tons 
Pouble  Shift 

160  tons 
Double  Shift 

90  tons 
Double  Shift 

37  tons 
Single  Shift 

12  tons 
Single  Shift 


Remarks. 

Av.  of  3  dreds. 
for  6  months. 

'  Av.  of  4  dks. 
for  6  months. 

Av.  of  2  tugs 
for  6  months. 

Av.  of  1  tug 
for  3  months. 

Av.  of  1  tug 
for  6  months. 

Av.  of  1  tug 
for  6  months. 


The  above  quantities  of  coal  include  that  consumed  in  keeping 
fires  banked  on  Sundays  and  holidays.  It  may  also  be  stated  that 
the  compound  tugs  were  doing  heavy  work  in  St  Mary's  current 
The  other  tugs  were  chiefly  occupied  in  general  towing  about  the 
harbour. 

An  important  item  of  expense  in  the  maintenance  of  the  fleet  is 
that  of  lubrication.  During  last  season  the  oil  consumption  was 
as  follows: — Cylinder  oil,  1,610  galls.;  engine  oil  517  gals.;  castor  oil, 
4,070  lbs.;  tallow  1,196  lbs.;  cup  grease  537  lbs.;  crude  petroleum 
177  galls. 

Average  Quantity  of  Lubricants  Used  per  Month, 

per  Vessel. 


Vessel. 

Gal. 
Cyl. 
Oil. 

Gal.      Lbs. 
Eiig.  Castor 
Oil.        Oil. 

Lbs. 
Tal- 
low. 

Lbs. 

Cup 

Gr'se. 

Gal. 

Crude 

Petrol'm 

Dredge 

16.7 

7.4      9.4 

18.5 

12.4 

3.7 

Derrick 

8.0 

6.3 

1.5 

Tug  16"  &  32"  X  24"  comp.  cond. 

23.4 

184.0 

49.2 

Tug  20"  X  22",  simple  non-cond. 

6.0 

93.0 

12.0 

Tug  16"  X  18"  simple  non-cond. . . 

7.0 

41.6 

5.6 

3.7 

Bayfield  on  Dredging  Fleet  of  Montreal  Harbour       47 

Castor  oil  is  deseryedly  a  favorite  among  tug  runners,  though  Its 
cost  is  high  compared  to  that  of  a  medium  grade  engine  oil.  There 
is  a  great  difference  of  opinion  regarding  the  respective  merits  of 
castor  and  mineral  oil  for  tug  engines,  but  trials  have  shown  the 
former  to  be  more  satisfactory  and  its  use  is  now  general  on  the  tug 
boats  of  the  fleet 

Referring  to  the  table  of  lubricants  used  during  last  season,  it 
will  be  remarked  that  the  consumption  of  tallow  was  large.  In 
explanation  of  this,  however,  the  writer  wishes  to  state  that  unfor- 
fortunately  a  quantity  of  very  low  grade  cylinder  oil  had  been  pur- 
chased, and  to  render  it  fit  for  use  a  large  proportion  of  tallow  had 
to  be  added.  The  injurious  effect  of  tallow  upon  a  steam  engine  is 
too  well  known  to  require  comment,  but  unless  carefully  watched 
the  average  tug  engineer  will  use  it,  the  amount  used  generally 
depending  upon  how  much  is  given  him.  The  Judicious  use  of 
properly  prepared  graphite  with  cylinder  oil  is  to  be  recommended. 
There  is  no  doubt  whatever  that  a  dredge  equipped  only  with  sight 
feed  lubricators  wastes  much  cylinder  oil.  The  actual  work  of  the 
machinery  is  more  or  less  intermittant  and  unless  the  engineer 
shuts  off  the  supply,  oil  will  continue  to  flow  into  the  cylinders  after 
the  engine  has  stopped.  As  there  are  usually  several  engines  on  a 
dredge,  this  source  of  waste  becomes  a  serious  matter  if  economy  of 
working  is  to  be  considered.  Mechanically  operated  oil  pumps 
were  experimented  with  last  season  and  they  proved  so  satisfactory 
that  they  are  to  be  fitted  to  all  the  engines  of  the  entire  fleet.  Being 
actuated  by  the  engine  itself,  they  feed  only  when  the  engine  is 
running.  They  are  positive  in  their  action,  and  if  of  correct  design, 
require  little  or  no  attention  beyond  filling.  It  is  claimed  by  some 
engineers  that  this  type  of  lubricator  will  clog  if  graphite  is  used 
with  the  oil,  but  the  writer  has  experienced  no  trouble  in  this  dir- 
ection even  when  using  a  mixture  composed  of  one  part  of  Dixon's 
Flake  Graphite  to  eight  of  oil. 

The  subject  of  the  durability  of  wire  ropes  is  full  of  interest  to 
any  one  concerned  in  the  efficient  and  steady  operation  of  a  dredging 
fleet 

In  nearly  every  case,  the  design  of  a  dredge  or  floating  derrick 
will  not  allow  of  the  correct  diameter  of  sheave  being  used  for  any 
particular  wire.  Take  spud  wires  as  an  example.  The  spuds  of 
a  dredge  are  36''  square,  and  as  it  is  necessary  that  the  cable  lie  close 
to  the  sides  of  the  spuds,  the  diameter  of  the  sheaves  cannot  be 
much  greater  than  36^^  on  the  tread.  If,  for  this  purpose,  we  use  a 
two  inch  wire  composed  of  wires  0.1  Inches  diameter,  we  find  that  the 
stress  induced  by  the  bending  alone  amounts  to  83,000  lbs.  per  square 
inch,  which  is  far  too  high  for  durability.  Again  in  the  case  of  a 
dredge  hoisting  wire,  a  two  and  a  quarter  inch  cable  composed  of 
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wires  0.134  inches  diameter  running  over  a  six  foot  sheavei  gives  us 
a  stress  of  55,000  lbs.  per  square  inch  in  the  metal. 

However,  we  are  for  practical  reasons  obliged  to  use  sheaves  of 
comparatively  small  diameter  and  so  must  make  the  best  of  it  Too 
much  care,  however,  cannot  be  taken  to  so  design  running  rigging 
that  the  same  portion  of  a  wire  rope  will  pass  over  as  few  sheaves 
as  possible,  because  the  bending  not  only  induces  the  undesirable 
stress  above  referred  to  but  produces  fatigue  of  -the  metal  by 
repetition. 

The  correct  size  of  wire  to  use  for  a  certain  purpose  is  often 
determined  by  trial.  An  instance  of  this  may  be  given  as  follows: 
The  floating  derricks  were  originally  equipped  with  IM"  swinging 
wires  running  over  15%"  sheaves  to  a  turntable  of  9'  6"^  diameter. 
These  ropes  have  been  replaced  by  others  of  V  diameter  and  results 
show  a  marked  increase  in  the  life  of  the  rope. 

Referring  to  the  matter  of  spud  wires,  the  writer  suggests  that 
the  rope  be  not  confined  to  two  parts  of  large  diameter  over  one 
sheave,  but  that  the  load  be  carried  by  four  or  more  parts  running 
over  several  sheaves.  By  using  such  an  arrangement,  the  size  of 
the  rope  could  be  greatly  decreased  and  be  more  suitable  to  the 
sheaves,  which  would,  of  course,  be  of  the  maximum  diameter  per- 
mitted by  the  dimensions  of  the  spud.  There  are  mechanical  diffi- 
culties to  be  reckoned  with,  but  they  are  not  insurmountable. 
Apart  from  the  wire  rope  point  of  view  a  desirable  feature  of  this 
arrangement  would  be  the  lowering  of  the  pull  on  the  hauling  part 
of  the  cable  when  pinning  up.  Spud  drums  could  be  less  massive 
than  at  present,  though  perhaps  not  much  smaller  on  account  of 
the  increased  length  of  wire  to  be  accomodated.  All.  running 
rigging  should  be  properly  lubricated  with  black  oil  or  some  sub- 
stances suitable  for  the  purpose.  Wire  rope  manufacturers  recom- 
mend a  mixture  composed  of  linseed  oil  and  lamp  black  or  Spanish 
brown. 

When  sockets  are  to  be  babbitted  to  the  end  of  a  wire  cable,  the 
material  of  the  rope 'should  be  sufficiently  soft  to  allow  of  bending 
the  wires  to  a  small  radius  without  cracking.  A  socket  splice  is 
never  too  strong  for  the  work  it  is  called  upon  to  do,  and  the  swell 
on  the  rope  end  should  be  large  enough  to  prevent  any  possibility 
of  pulling  through  even  if  the  babbitt  was  not  present  If  many 
wires  break  in  bending  over,  we  lose  to  a  more  or  less  extent  this 
highly  desirable  feature.  Of  course,  the  babbitt  cements  the  whole 
bulb  together  and  adds  materially  to  the  strength  of  the  splice. 
Possibly  exception  may  be  taken  to  the  statement  that  the  cable 
should  have  a  swelled  end.  and  perhaps  not  without  reason  for  some 
wire  rope  manufacturers  advise  against  the  practice.  The  observa- 
tions of  the  writer,  however,  are  to  the  effect  that  a  heavily  loaded 
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wire  rope  will  gradually  poll  through  the  socket  if  a  subBtantial 
«well  is  not  made  on  the  rope  end.  Unless  the  socket  is  of  great 
length  a  thin  ring  or  tube  of  babbitt  generally  comes  with  the  wire, 
showing  that  the  shearing  strength  of  the  alloy  is  not  sufficient  to 
withstand  the  load. 

Break  downs  to  the  machinery  and  other  gear  are  frequent,  due 
probably  as  much  to  the  prevalence  of  the  double  shift  system  as  to 
the  over  straining  or  mishandling  of  the  machines.  However,  on 
account  of  our  short  season  and  the  large  amount  of  work  to  be 
done,  day  and  night  crews  are  obligatory,  even  though  they  certainly 
are  not  satisfactory  from  a  maintenance  point  of  view. 

In  the  case  of  a  dredging  fleet,  where  to  a  great  extent  one 
machine  works  in  conjunction  with  another,  and  a  breakdown  to 
the  one  will  in  all  probability  delay  the  other,  it  is  absolutely 
necessary  to  have  means  whereby  quick  and  efficient  repairs  can  be 
made.  To  effect  quick  repairs,  material  and  spares  must  be  in 
readiness,  and  when  possible  parts  of  machines  should  be  made  to 
templates  so  that  no  time  will  be  lost  in  fitting  them  to  their  places. 
By  efficient  repairs  are  meant  repairs  that  will  stay  repaired  or  done 
in  as  perfect  a  manner  as  circumstances  will  permit  Good  work- 
men, and  good  workmen  only,  should  be  employed,  for  a  cheap  man 
is  generally  a  dear  man  when  time,  mistakes  and  poor  workmanship 
are  reckoned  up.  A  few  cents  an  hour  more  in  an  employee's  pay 
are  insignificant  when  a  dredge  and  its  derrick  are  waiting  on  a  tug 
which  is  out  of  business  with,  say,  a  broken  piston  ring.  Hire  good 
men,  give  them  good  tools  and  material  best  suited  to  the  Job  in 
hand  and  the  time  lost  will  be  a  minimum. 

The  Harbour  Commissioners,  until  a  couple  of  years  ago,  main- 
tained a  fioating  shop,  the  hull  of  which  had  long  done  service  as 
an  elevator  dredge.  Now,  however,  a  fairly  equipped  machine  shop 
on  the  Mackay  Pier  attends  to  all  repairs. 

Frequently  the  person  in  charge  of  a  dredging  fieet  has  to  decide 
as  to  whether  or  not  a  certain  repair  is  absolutely  necessary,  and 
before  ^ving  his  decision  he  must  consider  the  probable  effect  if 
repairs  are  not  made.  Will  there  be  danger  to  life  or  limb  if  com- 
plete breakdown  should  occur  ?  Will  the  trouble  extend  or  cause 
other  apparatus  to  carry  undue  stresses  7  Are  the  conditions  at 
the  time  favourable  for  stopping  a  machine  or  would  a  short  delay 
prove  more  advantageous  ?  It  is  often  a  nice  point  to  render  a 
decision  upon,  but  it  is  best  to  err  on  the  safe  side.  First,  consider 
the  safety  of  the  men;  second,  the  machine  ;  and,  last  of  all,  the 
work. 

The  cause  of  a  breakdown  should  always  be  Investigated,  and,  if 
possible,  means  taken  to  prevent  a  repetition  of  the  failure.  At 
this  point  it  may  be  mentioned  that  due  regard  should  be  paid  to  the 
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fact  that  it  Is  very  desirable  that  a  comparatively  unimportant  part 
should  break  when  the  load  it  carries  reaches  a  certain  figure,  which 
should  be  well  before  parts  of  greater  importance  become  over- 
loaded. 

Owing  to  the  ^excessive  and  complicated  straining  action  of  a 
dredge,  it  is  difficult  to  design  its  component  parts  so  that  the  whole 
is  of  uniform  strength,  and  especially  is  this  the  case  in  dredges 
with  wooden  hulls.  A  certain  amount  of  flexibility  is  no  doubt  a 
good  point,  but  this  flexibility  should  never  be  so  great  as  to  cause 
certain  members  to  bear  stresses  which  properly  belong  to  others. 
In  a  wooden  dredge  it  is  next  to  impossible  to  keep  shafting  or 
clutches  in  alignment  and  to  remedy  this  evil  all  bearings  should 
be  provided 'With  adjusting  wedges  or  blocks.  Steam  piping  should 
be  put  up  with  frequent  offsets  or  expansion  joints. 

Taking  the  season  of  1901  as  an  example,  the  cost  of  operation 
per  working  day  or  night  for  the  different  types  of  vessels  is  as 
follows: — 

Repairs  Wages    Estimated      m  .  | 

and  Fuel.  of     Depreciation    i" "' 

Maintenance.  Ci-ews.     of  Plant.        ^°"' 

7   Yd.   Dipper   Dredge $27.53  $11.05  $20.30  $5.85  $64.73 

Floating  Derrick 10.08  5.66  16.46  2.53  34.73 

Tug  (16"  X  32*^  X  24"  Compound)      3.00  7.35  9.24  2.27  21.86 

Tug  (20"  X  22"  Simple) 2.42  4.48  8.47  ♦  .23  15.60 

Tug  (16"  X  18"  Simple) 4.05  5.20  7.43  ♦  .16  16.84 

♦These  two  tugs,  having  been  in  service  for  many  years,  are 
rated  at  a  very  low  figure. 


DISCUSSION. 

Mr.  F.  P.  Shearwood  observed  that  the  author  had  stated  that  Mr.snaarwood. 
several  forms  of  steel  dipper  handles  were  tried,  and  that  the  only 
one  which  had  proven  satisfactory  waft  the  composite  one,  made  up 
of  four  steel  plates  filled  in  with  wood.  He  would  like  to  hear 
from  the  author  why  it  was  that  weakness  in  the  wholly  steel 
handles  developed;  if  it  were  due  to  the  shearing  of  the  rivets; 
and,  if  so,  if  this  could  not  be  obviated  by  re-arranging  the  posi- 
tions and  equipments  of  the  supports.  Now  that  wood  was  be- 
coming so  scarce,  and  steel  on  the  other  hand,  cheaper,  it  seemed 
imperative  that  all  parts  of  structures  requiring  long  and  heavy 
members,  should  be  made  of  steel.  It  seemed  that  steel  could  be 
used  satisfactorily  in  the  case  of  the  dipper  handles  and  spuds  by 
re-arran^ng  the  supports  to  suit  the  steel  structure  and  not  trying 
to  make  the  steel  structure  suit  the  conditions  of  the  wooden  ones. 

Mr.  Bayfield  explained  that  when  the  bucket  was  in  the  cut,  >*»•.  Bayfleid. 
the  handle  was  subjected  to  severe  twisting  strains  and  he  attri- 
buted the  loosening  of  the  rivets  in  a  great  measure  to  this  cause. 
As  each  portion  of  the  old  style  dipper  handle  was  a  rectangular 
box  in  section  with  no  diagonal  bracing,  its  shape  could  be  changed 
without  inducing  tenslonal  stresses  in  the  sides  of  the  figure. 
Hence,  deformation  of  the  box  was  comparatively  easy,  and  the 
constant  working  of  the  plating  soon  loosened  the  rivetting.  With 
the  combined  wood  and  steel  handle,  the  side  and  top  plates  were 
not  directly  secured  to  one  another  as  in  the  box  section  steel 
handle,  but  merely  secured  to  the  wooden  centre  by  long  rivets 
passing  through  the  wood  from  plates  opposite  one  another.  The 
wooden  centre  really  acted  as  cross  and  diagonal  bracing  and  had  ^ 

the  advantage  of  being  soft  enough  to  allow  a  certain  amount  of 
play  to  the  rivets  when  under  stress.  He  thought  it  quite  possible 
to  design  a  steel  dipper  arm  that  would  stand  the  work,  but  in  his 
opinion  the  expense  would  be  great,  as  most  probably  plating  of  a 
special  section  would  be  required.  The  composite  handle  was  com- 
paratively cheap  to  build — besides  being  easy  to  repair. 

Mr.  K.  W.  Blackwell  said  he  would  like  to  ask  Mr.  Bayfield  Mr.  BiackweiL 
whether  he  had  noticed  any  ductility  in  Mangenese  steel,  and  if 
he  was  in  favour  of  it  and  consisted  it  promising. 

Mr.  Bayfield  said  that  he  had  not  experimented  with  this  class 
of  steel  as  to  its  ductility.      He  had  found,  however,  that  it  was    ^'  ^^  ^  ' 
very  hard  and  suitable  for  purposes  which  required  a  hard  and  fair- 
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ly  strong  material.  He  had  used  it  so  very  little  that  he  could  not 
say  to  what  extent  it  would  eventually  be  used  in  the  fleet 
Mr.  Robinson.  Mr.  A.  W.  Robinson  said  that  Mr.  Bayfield  had  given  a  num- 
ber of  interesting  points  in  connection  with  the  working  of  the 
Montreal  Harbour  plant.  It  was  impossible  to  design  this  class  of 
machinery  from  theoretical  considerations  alone,  and  this  might 
explain  the  difllculties  which  had  arisen  in  the  design  of  the  dip- 
per handles  referred  to.  It  was  impossible  to  design  a  dipper 
handle  from  calculated  strains  alone  and  the  only  thing  to  do  was 
to  find  out  the  form  of  construction  which  answered  best  from 
experience.  One  of  the  reasons  why  steel  dipper  handles  were 
difficult  to  make  successfully  was  that  they  had  not  sufficient 
flexibility.  They  were  split  in  two  parts,  were  very  long,  and  the 
strain  in  all  directions  on  it  was  very  great. 

There  was  another  point  which  would  have  struck  many 
of  the  members  who  had  visited  other  harbour  works,  and  that  was 
that  the  plant  and  outfit  employed  in  the  harbour  of  Montreal  was 
unlike  that  used  in  any  other  harbour.  Especially  was  this  true 
In  regard  to  the  harbours  of  the  old  world.  Hardly  a  single 
machine  was  £een  in  those  harbours  that  we  had  in  use  here  for 
performing  similar  work.  That  was  due,  of  course,  not  only  to 
the  difference  in  the  kind  of  work  to  be  done,  but  to  the  difference 
in  the  mode  of  operation.  The  plant  of  this  harbour  had  been 
gradually  evolved  from  the  early  machines  in  use  and  by  gradu- 
ally improving  and  adding  new  devices,  it  had  reached  its  present 
stage  of  effi-ciency. 

•He  believed  that  large  single  wire  rope  dredges  such  as  Mr. 
Bayfield  had  described,  were  among  the  earliest  single  wire  rope 
dredges  in  use.  The  first  one  was  built  to  the  designs  of  Mr.  John 
Kennedy  in  1890,  and  since  that  time  a  number  of  others  have  been 
built  along  the  same  lines.  Some  eight  or  ten  dredges  of  the  same 
class  have  also  been  built  for  use  on  the  great  lakes.  They  have 
all  shown  that  the  single  wire  rope  hoist  had  a  comparatively  short 
^  life,  and  Mr.  Bayfield  had  explained  to  a  certain  extent  why  this 
was  so.  Notwithstanding  the  fact  that  the  ropes  lasted  but  a  short 
time,  they  were  considered  to  be  more  satisfactory  than  the  chains 
for  large  and  heavy  work. 

The  method  of  hoising  by  single  wire  rope  was  now  being  in- 
troduced for  steam  shovels,  and  the  problem  here  was  perhaps  more 
difficult  than  in  the  dredge,  because  of  the  difficulty  of  using  large 
size  sheaves. 

There  was  another  point  to  which  the  speaker  referred,  concern- 
ing the  use  of  large  steel  ropes  over  small  sheaves  and  drums,  an4 
that  was  that  the  rope  wore  out  much  faster  on  the  sheaves  than 
on  the  drums.     This  might  seem  peculiar,  but  a  moment's  reflec- 
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tion  would  show  that  the  rope  in  passing  over  the  sheave,  made  two  j^,  Bobinton. 
bends — one  going  on  and  one  going  off,  whereas  in  winding  on  the 
drum  it  only  made  one  bend.  Therefore,  as  the  durability  of  the 
wire  rope  was  in  proportion  to  the  number  of  bends,  it  would  last 
twice  as  long  on  the  drum  as  it  would  on  a  sheave  of  equal 
diameter —  or  in  order  to  equalize  the  discrepancy,  the  designer 
could  afford  to  make  the  drum  smaller  In  diameter  than  the  sheave 
for  eqnal  durability. 

There  had  recently  been  built  a  very  large  wire  rope  dredge  for 
the  New  York  Harbour.  It  was  designed  to  dredge  in  fifty  feet  of 
water.  The  strains  in  such  deep  water  were  very  severe  indeed. 
In  fact,  as  the  depth  of  water  in  harbours  all  over  the  world  in- 
creased, the  question  of  the  best  form  of  dredge  for  deep  water 
work  was  a  very  serious  one.  The  dredge  referred  to  had  spuds  & 
ft.  X  5  ft,  and  the  dipper  handle  was  a  single  stick  of  timber  36"  x 
ZQ"  X  75  feet  long,  or  in  other  words,  the  same  size  as  the  forward 
spuds  in  the  Montreal  dredges.  There  were  two  parallel  hoisting 
ropes,  one  on  either  side  of  the  dipper  handle.  For  the  great 
depths  now  required,  the  single  dipper  handle  appeared  the  most 
satisfactory  for  use. 

One  point  mentioned  by  the  author  on  page  No.  49  referred  to 
the  difficulty  of  keeping  the  shafting  and  clutches  in  proper  align- 
ment, and  he  recommended  that  all  dredges  should  be  provided  with 
adjustible  blocks.  Mr.  Robinson  remarked  that  in  his  own  practice 
he  did  not  employ  this  method  of  construction,  consisting  of  various 
shafts  and  bearings  attached  separately  to  a  wooden  frame  work. 
It  was  far  better  to  make  each  portion  of  the  machinery  entirely 
self-contained,  so  that  if  it  sprung  or  shifted  its  position  at  all,  as 
it  was  bound  to  do  more  or  less,  it  would  all  go  together  in  one 
piece.  That  difficulty  was,  of  course,  removed  to  a  large  extent 
in  a  steel  hull.  It  was  very  strange  that  a  great  many  of  the  old 
dredge  men  still  preferred  wooden  construction — even  if  steel  should 
be  less  expensive.  It  was  not  always  a  question  of  expense,  suid 
the  speaker  thought  that  the  reason  for  the  preference  was  that 
they  did  not  understand  the  steel  or  its  methods  of  repair,  and  the 
wood  they  had  been  accustomed  to  all  their  lives.  With  the  in- 
creasing cost  of  timber  in  this  country,  especially  oak,  it  was  only 
p.  question  of  time  until  all  constructions  of  this  kind  would  be  of 
steel. 

Mr.  K.  W.  Blackwell  said  that  the  author  had  contributed  a  „    „,    .     „ 

Mr.  Blackwell, 

very  valuable  paper.  Any  one  who  knew  anything  about  dredges 
would  appreciate  the  importance  of  all  parts  be'.ng  strong  and 
reliable,  made  from  the  very  best  material,  and  probably  one  of 
the  most  important  of  all  the  mechanical  problems  was  that  there 
were  so  many  parts  about  it  that  required  specially  skilled  labor 
and  care  in  manufacturing. 
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Mr.  BUckweii.  '^^  mere  fact  that  the  Montreal  dredges  were  equipped  with 
spuds  42  Inches  square,  and  those  in  New  York  with  spuds  5  ft. 
square  for  dredging  in  fifty  feet  of  water,  would  give  any  one  not 
familiar  with  this  class  of  work»  an  idea  of  what  material  was  re- 
quired to  hold  a  dredge  up  to  its  work.  He  wanted  to  remark  in 
conclusion  that  he  considered  it  more  important  to  keep  a  dredge 
up  to  its  work  than  to  put  too  much  stress  on  the  first  cost. 


At  tlie  close  of  the  sectional  meeting  a  business  meeting  was 
iield,  Mr.  K.  W.  Blackwell  in  the  chair,  for  the  opening  of  ballots 
for  election  of  members.  Messrs.  J.  W.  Heckman,  K.  B.  Thornton, 
J.  G.  G.  Kerry  and  W.  J.  Sproule,  having  been  appointed  scruti- 
neers,  declared  the  following  elected: — 

Membebs. 
J.  O.  GwiLLiM.  R.  A.  Chambers. 

H.   C.   A  BELL.  B.    J.    FOBREST. 

R.  D.  Mebshon. 

Associate  Members. 

g.  b.  ashcboft.  j.  mubpiiy. 

A.  Balsley.  G.  E.  Rev  ELL. 
H.  S.  Badger.                                    D.  A.  Ross. 

D.  C.  BuviB.  M.  H.  Sammett. 

W.  J.  Camp.  V.  H.  Schwabe. 

J.  Causley.  p.  H.  Smith. 

B.  H.  Darling.  W.  Thompson. 
P.  J.  McIntosh.  B.  T.  Wilkie. 

Transferred  from  the  Class  of  Associate  Member  to  that  of 

Member. 

R.  F.  H.  Bruce.  J.  L.  Morris. 

H.  B.  Walkem.  p.  Weatiierbe. 

Tbanbb  erred  from  Class  of  Student  to  that   of  Associate 

Member. 

R.  C.  F.  Alexander.  G.  G.  Grundy. 

J.  Dughastel  de  Montrouge. 

Associates. 
C.  F.  EiCKs.  A.  Stansfield. 

-Q.  T.  Kennedy.  P.  j.  Gilman. 
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Students. 


M.   B.   ATKIJfSON. 

B.  O.  Bay. 

C.  St.  G.  M.  Campbell. 
J.  M.  Campbell. 

W.  C.  M.  Cropper. 

W.  F.  Drysdale. 

J.  M.  A.  Gariepy. 

P.  S.  Kaelin. 

J.  D.  Lachapelle. 

G.  St.  G.  Spboule. 

J.  A.  Walls. 

S.  G.  F.  MacDermot. 

R.  V.  Morris. 

J.  E.  L.  O'Connor. 

A.  S.  L.  Peaslee. 

A.  D.  PORCHERON. 

A.  B.  Ritchie. 

J.  F.  Robertson,  Jun. 

G.  W.  Scott. 

A.  L.  Sharpe. 

R.  F.  Taylor. 

F.  C.  D. 


W.  L.  Bird. 

A.  B.  Blanchard. 

C.  J.  Chaplin. 
J.  H.  Cong  don. 

J.  M.  Donaldson. 

H.   K.  DUTCHER. 

J.   W.  G.  Greey. 
H.  C.  Kennedy.       ^ 
S.  W.  Smith. 
M.  H.  Sullivan. 
G.  K.  McDougall, 
J.  McD.  McPhee. 

D.  H.  Nelles* 
N.  W.  Parker. 
H.  B.  Pope. 

C.  C.  Richards. 
H.  G.  Rogers. 
J.  Sears. 
G.  P.  Sharps. 
J.  C.  Smith. 
W.  D.  Wilson. 
Wilkes. 
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The  following  papers  were  read  at  the  Annual  Meeting,  January 
26,  1904:  — 

pApm  N^  200. 

THE  SHOI^  OF  THE  LOCOMOTIVE  AND  MACHINE  COMPANY 

OF  MONTREAL. 

By  M.  J.  BcTLEB,  M.  Can.  Soc.  C.  E. 

The  Locomotive  &  Machine  Co.,  of  Montreal  (Ltd.),  was  incor- 
porated under  the  provision  of  "  The  Dominion  Companies'  Act "  in 
1902,  with  a  capital  of  |1 .000,000.00,  subsequently  increased  to  |3,000,.- 
000.00.  The  Company  purchased  the  Dickson  farm,  lying  between 
the  Terminal  Railway  and  the  St  L«awrence  River,  comprising  an 
area  of  65.5  English  acres,  being  cadastral  number  21^,  and,  also,  the 
same  parcel  oft  the  front  of  the  Rodier  Estate,  lying  between  Notre 
Dame  street  and  the  river,  being  part  of  cadastral  number  27,  com- 
prising an  area  of  2.6  English  acres,  all  in  the  parish  of  Longue 
Pointe,  Quebec,  Canada,  making  a  total  area  of  68.1  English  acres, 
or  80.4  ^rpents;.  and  having  a  frontage  on  the  St  Lawrence  River  of 
1,102  feet.  The  main  block  of  land,  lying  north  of  Notre  Dame  street, 
is  860.6  feet  in  width.  At  the  river  bank  the  land  lies  at  an  eleva- 
tion of  some  eighteen  feet  above  the  normal  river  level  and  rises 
with  a  gentle  slope  of  one-half  of  one  per  cent  to  the  Terminal  Rail- 
way in  the  rear  of  the  property. 

The  soil  consists  of  a  firm,  dry  clay  in  depth  from  twenty  to 
thirty  feet  to  the  rock. 

The  property  lies  within  the  jurisdiction  of  the  Montreal  Harbour 
Trust,  who  are  buUding  a  wharf  and  dredging  out  a  ship  basin,  large 
enough  to  receive  the  largest  type  of  ship,  thus  giving  ample  facili- 
ties for  ocean  and  river  transportation. 

At  the  rear  of  the  property  runs  the  Terminal  Railway  and  the 
Chateauguay  &  Northern  Railway,  connecting  with  the  Canadian 
Pacific  Company  at  Hochelaga^  and,  via  Jacques  Cartier  Junction, 
with  the  Grand  Trunk  System.  It  is  more  than  probable  that  in  a 
short  time  all  railways  will  meet  on  a  common  line  on  the  harbour 
front,  thus  giving  a  more  direct  access  to  the  works. 

As  shown  in  the  plan  of  the  property  there  is  an  extensive  sys- 
tem of  tracks  in  the  Company's  property,  connecting  the  several 
buildings  with  the  river  front  and  the  railway. 

The  general  idea  of  the  layout  of  the  Locomotivr*  Works  proper 
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is  that  of  the  President  of  the  Company,  Mr.  M.  J.  Haney,  M.  Can. 
Soc.  C.  E.,  and  was  only  arrived  at  after  long  and  careful  study  of 
the  problems  involved. 

It  is  believed  to  be  unique  and  without  precedent  in  the  various 
matters  c once: n 3d,  such  as  compactness  and  ease  in  handling  raw 
material  and  turning  it  out  as  a  finished  product.  The  only  objec- 
tions raised  against  this  style  of  shop  have  been  a  possible  want  of 
light  and  increased  insurance,  and  both  of  these  have  been  over- 
come; indeed,  it  is  believed  that  no  similar  shop  has  been  insured 
at  a  lower  rate. 

The  Author  was  appointed  Chief  Engineer  of  the  Company,  Dec. 
5th,  1902.  The  plans  were  started  on  the  19th  of  the  same  month, 
and  on  the  19th  of  January,  1903,  complete  bills  of  material  wore  in 
the  hands  of  the  importers  of  the  steel  material.  All  pieces  were 
specified  to  be  cut  to  within  %  of  an  inch  in  length,  it  being  the  in- 
tention of  the  Company  to  manufacture  its  own  structural  steel 
work.  As  inquiry  had  shown  the  impossibility  of  securing  the  work 
in  time  from  the  existing  bridge  and  structural  manufacturinf;  com- 
panies, during  the  month  cf  February,  1^03,  the  ground 
was  b:o..en  for  a  temporary  shop,  built  of  wood,  in  which  to 
install  the  tools  required  to  do  the  work,  and,  in  the  meantime^ 
orders  were  placed  with  the  tool-makers  for  the  several  tools  for 
delivery  April  1st.  The  shop,  200'  x  75',  was  completed  early  in 
March,  but  as  the  tools  were  not  delivered  until  near  the  end  of 
April,  it  was  the  5th  of  May  before  the  shop  was  under  way,  at 
work.  On  the  8th  of  May  the  building  was  burned  to  the  ji^'ound. 
By  working  night  and  day,  a  line  of  shafting  was  put  up  in  the  open 
field,,  the  tools  were  repaired,  new  pulleys,  belts,  etc.,  were  bought, 
and  the  work  started  again  on  the  13th,  the  actual  shut  down  being 
five  days.  Work  was  kept  going  with  a  strong  force  of  carpenters, 
and,  ultimately,  a  shed  roof  was  built  over  the  working  spuces  80' 
wide  X  300'  long,  but  for  five  weeks  the  only  covering  was  the  sky. 
I  may  say  that  during  the  five  weeks  no  rain  fell.  In  this  temporary 
shop,  the  entire  steel  structural  work,  comprising  some  two  thou- 
sand tons,  was  manufactured  and  completed  without  furthf^r  hitch,, 
early  in  August.  As  fast  as  the  material  was  manufactured  it  was 
erected,  and,  on  the  15th  day  of  August,  when  the  photographs  exhi- 
bited were  taken,  the  whole  of  the  frames,  roof,  trusses,  etc.^  were 
orected  in  place. 

The  erection  of  the  steel  work  was  handled  with  two  travelling 
derricks  ;    as  a  rule,,  about  one  week  was  required  to  each  shop. 

The  Locomotive  Works  proper  consist  of  five  shops,  viz.:  A  ma- 
chine shop,  132  feet  wide,  420  feet  long,  36  feat  high,  divided  into 
two  bays  by  a  centre  line  of  columns,  each  bay  being  served  with  an 
overhead  electric  travelling  crane  of  ten  tons  capacity,  which  travels 


Butler  on  Locomotive  and  Machine  Co.'s  Shops       59 

the  entire  length  of  the  shop.  A  great  number  of  fixed  radial  cranes 
wnre  eacii  tool  where  required,  thus  obviating  waiting  for  the  trav- 
elling crane.  A  forge  and  smith  shop  380  feet  long,  66  feet  wtde 
and  36  feet  high  lies  at  right  angles  to  the  machine  shop,  and  in 
line  with  the  west  of  it.  The  several  fires  are  served  in  the 
shop  with  fixed  radial  cranes.  For  travelling  heavy  pieces  through 
the  shop;,  cars  are  used  on  a  centre  track.  Alongside  of  the  smith 
shop,  is  the  erecting  shop,  380  feet  long  by  66  feet  wide,  and  49  feet 
high.  This  shop  is  served  with  two  60  ton  electric  travelling  cranes. 
'ihere  is  one  surface  track  down  the  centre  of  the  shop,  having  a 
shallow  pit  running  the  whole  length  of  it.  Alongside  of  the  erect- 
ing shop  is  the  boiler  shop,  380  feet  long,  66  feet  wide,  36  feet  high. 
At  the  south  end  of  the  boiler  shop,  is  the  rivetting  tower,  of  the 
same  width  as  the  boiler  shop,  and  forty  feet  in  length  by  75  feet 
high.  In  the  tower  are  located  the  pump  and  accamulater,  one 
hydraulic  rivetter  with  17  feet  gap  working  under  a  pressure  of  60, 
80  and  125  tons,  one  hydraulic  rivetter  of  10  feet  gap  working  under 
the  pressure  of  60  and  80  tons.  The  pump  works  against  a  pressure 
of  1,500  lbs.  per  square  inch.  The  large  rivetter  is  served  with  a 
20  ton  hydraulic  crane  for  boiler  work,  the  small  one  with  a  ten  ton 
hydraulic  crane  for  mud,  ring  and  smaller  work. 

The  boiler  shop  proper  is  served  with  a  20  ton  electric  travelling 
crane  which  traverses  the  entire  length  of  the  shop.  Beside  this, 
at  each  of  the  tools  there  is  a  fixed  radial  crane. 

Alongside  of  the  boiler  shop  is  the  foundry,  66  feet  wide,  380  feet 
longr  36  feet  high.  The  moulding  floor  occupies  40  feet  in  width  by 
the  entire  length,  and  in  the  bay  alongside  is  situated  the  cupola  of 
20  tons  capacity.  The  core  ovens,  cleaning,  chipping  or  the  mould- 
ing floor  is  served  with  a  fifteen  ton  electric  travelling  crane,  as 
well  as  a  number  of  fixed  radial  cranes. 

The  brass  foundry  is  up  a  half  story  in  the  sida  bay,  and,  on 
the  same  level,  is  the  charging  floor.  The  charging  floor  is  to  be 
served  with  a  hydro-pneumatic  elevator  (drop).  The  foregoing 
buildings  are  of  structural  steel  framing  with  roof  trusses  of  the 
same  space.  The  columns  generally  rest  on  cast  iron  pedestals 
which,  in  turn,  are  supported  on  concrete  base  blocks  and  are  spaced 
20  feet  centre  to  centre  throughout.  The  side  walls  for  a  distance 
of  five  feet  above  the  ground  are  of  rubble  limestone,  laid  up  in 
Portland  cement  mortar.  At  each  column  extending  from  the  stone 
work  to  the  roof  is  brick  pilaster  four  feet  in  width,  all  of  which  is 
laid  up  In  Portland  cement  mortar.  The  space  between  the  pilasters 
is  largely  glass,  except  for  a  band  some  six  feet  in  width,  which  is 
made  up  of  2"  x  i"  pine  studding  (first  dipped  in  Portland  cement 
mortar),  covered  on  both  sides  with  expanded  metal    and  plastered 
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Oil  the  outside  with  Portland  cement  mortar,  and  on  the  inside  with 
the  Imperial  Plaster  Company's  plaster. 

The  partition  walls  between  the  several  shops  are  of  similar 
construction  to  the  belt  course. 

The  roof  covering  consists  of  Z"  pine  and  spruce  ship  lap  plank 
thoroughly  spiked  to  nailing  strips  of  3"  x  6"  pine,  bolted  to  the 
steel  purlins,  covered  with  tar  and  gravel  roofing.  Every  effort 
has  been  to  insure  slow  burning  construction  and  to  make  the 
buildings  as  nearly  fireproof  as  possible. 

The  fioor  in  the  machine  shop  consists  of  6"  of  concrete  resting 
on  a  layer  of  broken  stone  of  an  average  thickness  of  6\  Embed- 
ded in  the  concrete  are  3''  x  3^^  nailing  strips  to  which  the  under 
fioor  of  3"  pine  plank  are  spiked,  and  the  whole  is  intended  to  be 
overlaid  with  1"  hard  birch  flooring. 

In  the  forge  and  smith  shop  and  foundry  the  natural  earth  has 
been  leveled  off  and  tamped.  In  the  boiler  and  erecting  shops 
3"  plank  resting  on  heavy  sills  is  overlaid  with  1"  hard  birch 
flooring. 

The  side  lights,  as  shown  in  the  side  elevation  and  photographs, 
comprise  a  large  percentage  of  the  outer  wall  area.  On  the  roof  of 
the  machine  shop,  two  monitors  16  feet  in  width  by  7  feet  high  with 
continuous  side  lights  pivoted,  run  the  full  length  of  the  shop. 
Similar  monitors  are  on  all  the  remaining  shops.  In  the  machine 
shop  roof  there  are  also  three  rows  of  skylights,  one  row  in  the 
foundry  and  smith  shops,  two  rows  in  the  erecting  and  boiler  shops. 
All  the  glass  in  the  sidelights  is  what  is  known  as  factory  ribbed 
^lass,  the  skylights  being  glazed  with  plain  wired  glass.  The  sky- 
light frame  in  the  forge  and  foundry  are  of  copper,,  in  the  other 
shops  of  galvanized  iron.  All  the  flushing  is  of  crimped  galvanized 
iron,  the  cornice  work  of  plain  galvanized  iron  and  any  siding  used 
of  corrugated  galvanized  iron.  At  night  an  abundant  supply  of 
arc  and  incandescent  lamps  gives  ample  light.  Particular  care  and 
study  was  devoted  to  secure  ample  noticed  light,  and  the  end  aimed 
at  has  been  attained. 

The  power  house  has  a  rubble  stone  foundation  and  the  rubble 
wall  is  carried  up  four  feet  above  the  ground,  the  balance  of  the  wall 
being  of  brick.  The  engine  room  is  50'  wide  x  71'  long;,  the  boiler 
room  50  feet  wide  x  80  feet  long.  A  brick  wall  separates  the  two 
rooms.  The  roof  is  supported  with  steel  trusses,  these  in  the  en- 
gine room  being  designed  for  a  concentrated  load  of  ten  tons  at  any 
point  in  addition  to  the  regular  roof  load.  Those  in  the  boiler  room 
were  designed  to  support  the  two  20  ton  coal  hoppers  in  addition  to 
the  regular  roof  load.  The  roof  covering  is  of  3^^  pine  ship  lap 
plank,  covered  with  tar  and  gravel  rooflng. 
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In  the  boiler  room  the  floor  is  of  concrete,  in  the  engine  room  Z" 
plank  supported  on  heavy  beams  and  overlaid  with  l'^  hard  maple 
iooring. 

These  two  shops  are  together  in  a  brick  two-story  building  66'  x 
112'.  the  foundations  being  of  rubble  limestone  laid  up  in  Portland 
cement  mortar.  The  stone  wall  is  carried  up  to  five  feet  above  the 
ground  level,  the  remainder  being  built  of  brick.  The  columns  of 
12*  X  12"  pine  are  spaced  12  feet  centres  one  way  by  22  feet  the 
other,  and  rest  in  a  cast  iron  shoe  plate  bedded  in  a  concrete  base 
capped  with  the  usual  cast  iron  pintle.  The  running  beams  con- 
sist of  four  pieces  of  9"  x  9"  tamarac,  ship  fastened  together,  mak- 
ing a  girder  18"  x  18".  The  floors  are  of  2"  x  4"  pine  nailed  to- 
gether and  to  the  beams  and  covered  with  1"  hard  maple  and  birch, 
making  a  floor  5"  thick.  The  roof  columns  are  of  10"  x  10"  pine, 
the  foot  resting  directly  on  the  cast  iron  pintle.  The  roof  girders 
or  beams  are  of  8*  x  12"  pine,  the  roof  sheeting  being  of  3"  ship 
lap  plank  covered  with  tar  and  gravel.  Large  windows  in  all  four 
sides  of  the  building  glazed  with  factory  ribbed  glass  give  ample 
light  The  interior  is  whitewashed.  There  is  an  elevator  of  the 
hydro-pneumatic  type  10'  x  13'.  All  the  walls  are  carried  above 
the  roof  about  12"  and  gutters  lead  in  to  down  spouts  inside  of  the 
building. 

The  pattern  storage  building  66'  x  98',  one  story  in  height,  con- 
sists of  brick  walls,  the  columns  and  roof  sheeting,  etc.,  being  de- 
signed on  the  same  slow  burning  lines. 

The  store  house,  100'  long  by  36'  wide,  is  a  brick  two  story 
building  with  a  basement  and  has  been  designed  as  a  slow  burning 
building,  the  beams,  columns,  floor  and  roof  being  similar  to  the 
pattern  shop.  At  the  present  time  the  upper  floor  is  used  as  a 
general  office,  drafting  rooms,  etc. 

The  structural  shop  as  now  finished  is  200'  wide  by  200'  long, 
although  planned  to  be  300'  in  length.  The  height  in  the  clear  under 
the  roof  trusses  is  22  feet.  The  roof  trusses  are  spaced  20'  centre  to 
centre  and  are  figured  for  a  concentrated  load  of  ten  tons  ;  on  the 
outer  walls  they  are  supported  upon  steel  columns,  at  the  centre  by 
a  100  feet  span  truss,  leaving  one  column  in  the  centre  of  the  build- 
ing; the  lower  chord  of  the  cross  trusses  is  continuous  so  that  a 
trolley  can  travel  the  entire  width  of  the  shop.  The  monitor  is  40' 
in  width,  10'  high,,  running  the  length  of  the  shop,  both  sides  of 
which  are  of  glass.  Skylights  are  provided  in  alternate  blocks  over 
the  roof.  A  large  percentage  of  the  end  and  side  walls  is  of  glass. 
All  the  glazing  in  the  side  lights  consists  of  factory  ribbed  glass,  the 
skylights  being  of  plain  wired  glass.     Two  material  tracks,  4'  8Vi" 
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gauge,  are  on  opposite  sides  of  the  building,  the  assembling  track 
running  through  the  centre.  The  side  walls  are  of  brick,  the  end 
walls  of  3""  plank,  covered  with  corrugated  galvanized  Iron.  The 
roof  sheeting  is  of  3''  ship-lap  plank^  covered  with  tar  and  gravel 
roofing,  the  hip  is  covered  with  crimped  galvanized  iron.  The  floor 
is  of  3"  plank  on  heavy  Joists.  Notwithstanding  the  width  of  this 
building,  it  is  well  lighted  with  natural  light  The  great  advantage 
of  the  factory  ribbed  glass  is  the  difitusion  secured  and  the  absence 
of  concentrated  beams  with  the  attendant  shadows. 

There  is  a  9"  sewer  from  the  works  to  the  river.  All  the  roof 
drainage  is  conducted  to  the  reservoir.  All  down  pipes  are  inside 
and  all  gutters  are  back  from  the  cornice. 

The  boiler  equipment  consists  of  four  Babcock  &  Wilcox  water 
tube  boilers,  fitted  with  superheaters  of  250  H.P.  each,  arranged  in 
two  batteries.  The  boilers  are  equipped  with  the  Jones  automatic 
underfeed  stokers.  The  draft  is  well  taken  care  of  with  a  Sturte- 
vant  induced  draft  plant.  The  boiler  feed  pump  is  an  outside  packed 
duplex  plunger  pump,  Northey  manufacture,  pumping  through  a 
Laurie  500  H.P.  feed  water  heater,  using  the  exhaust  from  the  auxi- 
liary engines.  Overhead  are  two  coal  hoppers  each  of  twenty  tons 
capacity^  from  which  pipes  will  lead  to  the  automatic  stoker.  The 
coal  will.be  hauled  up  on  a  trestle  to  the  top  of  the  building  in  small 
cars,  and  dumped  into  a  Jeffrey  coal  breaker  from  which  it  drops 
into  the  bins.  (The  whole  of  this  portion  of  the  plant  has  not  been 
completed  owing  to  the  winter  coming  on  so  suddenly.) 

The  engine  room  equipment  consists  of  one  Laurie  Cross  Com- 
pound Corliss  condensing  engine  of  500  H.P.,  belted  by  a  39"  3  ply 
leather  belt  to  a  400  K.W.  Western  Electric  Generator;  one 
75  H.P.  ampere  motor  working  oft  the  Montreal  Light,  Heat 
and  Power  Co.  circuit  from  Shawinigan  Falls,  coupled  direct  to  a 
60  K.W.  Western  Electric  Generator,  with  all  the  usual  switchboard 
accessories;  one  Cross  Compound  Steam  Cross  Compound  Air  Cana- 
dian Rand  Drill  Compressor  of  2,000  cubic  feet  capacity  per  minute, 
fitted  with  an  independent  condenser  with  a  full  complement  of 
gauges,  etc.  , 

There  is  also  located  in  the  building  a  1.000  gallon  Underwriter 
Fire  Pump  drawing  its  water  supply  from  the  reservoir  and  pump- 
ing into  the  protection  service  mains,  tanks,  etc.  All  the  steam 
plant  in  the  power  house  has  been  designed  for  a  working  pressure 
of  200  pounds  to  the  square  inch  with  100°  superheat. 

The  water  supply  for  drinking  purposes  is  taken  from  a  drilled 
well  five  hundred  feet  in  depth,  and  is  distributed  throughout 
the  works  by  a  steam  driven  deep  well  pump.  All  the  roof  drain- 
age, the  overflow  from  the  condensers,  hot   well,  etc.,  drains  into  a 
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reservoir  of  300  000  gallons  capacity.  On  the  river  bank  is  located 
a  750  gallon  rotary  pump  driven  by  an  electric  motor  connected  to 
the  distribution  mains  and  the  reservoir  by  a  6"^  cast  iron  pipe. 
Ordinarily  it  keeps  the  reservoir  full  but,  In  emergencies,  by  closing 
one  valve  and  opening  another,  It  can  pump  direct  into  the  fire  pro- 
tection service.  The  1,000  gallon  pump  takes  its  supply  from  the 
reservoir  through  a  12"  cast  iron  suction  line  and  distributes  the 
water  about  the  works  as  shown  on  the  plan.  There  Is  also  a  50,000 
gallon  tank,  elevated  on  a  steel  tower  100  feet  in  height,  directly 
conre.t'ng  with  the  mains,  upoa  which  the  sprinkler  system  de- 
pends for  a  steady  supply  and  head.  All  of  the  shops  except  the 
structural  shop  and  the  storehouse  are  fully  equipped  with  auto- 
matic sprinklers. 

The  Locomotive  shops  are  heated  by  the  Sturtevant  hot  blast 
system,  using  exhaust  steam,  supplemented  with  live  steam.  There 
are  two  fans  driven  by  a  direct  connected  engine.  The  hot  air  is 
conducted  In  conduits,  and  is  so  distributed  as  to  reach  the  outer 
walls,  risers  being  supplied  in  each  bent,  then  discharging  close  to 
the  floor  and  along  the  windows. 

The  pressure  allov/ed  on  the  clay  under  columns  was  not  allowed 
to  exceed  three  tons  per  square  foot.  The  concrete  pedestals  were 
not  allowed  to  be  loaded  to  a  greater  extent  than  fifteen  tons  per 
square  foot  Cast  iron  pedestals  were  used  to  distribute  the  load  on 
the  concrete. 

The  roof  trusses  were  designed  to  carry  a  load  of  fifty  pounds 
per  square  foot 

All  the  material  used  was  of  medium  steel  in  accordance  with  the 
requirements  of  the  manufacturers'  specifications,  the  tests  and  prac- 
tical working  have  shown  a  uniform  tough  and  reliable  steel.  Unit 
stresses  were  kept  within  ICrOOO  lbs.  per  square  inch,  making  due 
allowance  for  column-formulae  and  Impact. 

In  designing  the  work  care  was  taken  to  have  as  many  duplicate 
parts  as  possible  in  order  to  save  detailing  template  work  and  pos- 
sible errors  In  erections.  The  entire  work  of  detailing  was  done  by 
two  men:  Messrs.  Legat  and  Stenneken,  to  whom  credit  is  due  for 
the  uniform  accuracy  of  their  work.  The  shop  work  was  handled 
satisfactorily  by  Mr.  Jud.  Nichols.  ^The  laying  out  of  the  founda- 
tions and  general  field  work  was  under  the  charge  of  W.  V.  Taylor, 
A.  M.  Can.  Soc.  C.  E.  The  tool  equipment  of  the  various  shops  was 
bought  under  the  supervision  of  Mr.  R.  T.  Shea.  Other  things  be- 
ing equal,  preference  was  given  to  Canadian  manufacture  and  it  is  a 
source  of  pride  to  learn  that  the  Canadian  tools  supplied  have 
proven  to  be  equal  to  the  best 

The  great  bulk  of  the  tools,  however,  was  of  necessity  purchased 
from  United  States  manufacturers. 
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THE  ANGUS  SHOPS. 

Canadian  Pacific  Railway,  Montreal. 

By  H.  GoLDMARK,  M.  Can.  Soc.  C.  E. 

The  "Angus  Shops"  are  situated  on  the  Quebec  line  of  the 
Canadian  Pacific  Railway  in  Hochelaga  Ward,  Montreal,  about  two 
and  a  half  miles  from  the  Place  Viger  Station.  The  site  is  a 
plateau  with  an  average  elevation  of  about  127  feet  above  sea 
level. 

It  is  very  nearly  level,  having  a  general  slope  of  about  one- 
tenth  of  one  per  cent,  towards  the  river.  The  property  is  a  rect- 
angular plot  about  4,700  feet  long  and  2,000  feet  wide,  its  longer 
axis  running  north-east  and  south-west. 

The  connection  of  the  shop  tracks  with  the  main  line  of  the 
railroad  is  at  the  north-west  corner,  the  steep  gradient  of  the  road 
making  any  other  connection  impracticable.  Although  the  contour 
of  the  ground  is  favorable  and  the  necessary  grading  comparatively 
moderate  in  amount,  much  expense  had  to  be  incurred  in  order  to 
procure  safe  foundations.  This  was  due  to  the  fact  that  the  solid 
rock  bottom  is  from  eight  to  twenty  feet  below  the  ground  line 
(excepv  in  the  case  of  one  or  two  shops),  while  the  blue  clay  over- 
lying the  same  is  altogether  too  soft  to  support  the  foundations 
of  the  buildings.  The  extra  expense  involved  in  these  extra  founda- 
tions was  nearly  $80,000.  In  a  few  cases  ordinary  piles  capped 
with  concrete  were  used,  but  almost  all  the  important  shops  are 
built  on  what  may  be  called  a  dry  wall  foundation.  For  each  wall 
a  trench  three  to  four  feet  wide  was  excavated  to  bed  rock  and 
filed  to  a  level  of  five  feet  below  the  ground  with  large  flat  quarry 
f  tones  laid  dry.  On  this  sub-foundation  the  ordinary  masonry 
v/alls  were  reared. 

As  the  ground  was  thoroughly  saturated  with  water  this  work 
was  expensive  and  tedious.  It*is  believed,  however,  that  on  the 
whole  this  was  the  most  economical  and  suitable  foundation  that 
could  be  used.  This  was  especially  the  case'  as  the  stone  for  these 
foundations — as  likewise  for  all  rubble  and  concrete  work — was 
taken  from  a  limestone  quarry  on  the  shop  grounds  about  one- 
quarter  of  a  mile  from  the  buildings.  Near  the  freight  car  shop 
en  outcrop  of  the  hard  trap  rock,  locally  known  as  banc-rouge, 
involved  about  8,000  cubic  yards  of  rock  excavation.  It  may  be 
r.dded  that  the  eastern  portion  was  wooded,  and  had  to  be  cleared, 
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*while  a  part  of  the  central  portion  was  swampy,  requiring  a 
moderate  amount  of  gravel  filling.  For  surface  drainage  several 
^pen  ditch€s  four  to  five  feet  wide  were  built,  but  these  also 
.drain  territory  belonging  to  other  owners  north  of  the  shop 
.grounds.  The  surface  drainage  of  the  central  part  of  the  grounds 
will  go  into  the  sewers,  referred  to  later  in  this  paper,  which  con- 
nect with  the  city  system.  The  main  purpose  of  the  shops  sewers 
is,  however,  the  carrying  oft  of  wastes. 

The  Angus  shops  are  intended  primarily  for  the  maintenance 
and  repairs  of  the  rolling  stock  in  use  on  the  eastern  half  of  the 
Transcontinental  Railway,  and  provision  has  also  been  made 
.for  the  construction  of  a  considerable  number  of  new  loco- 
motives and  passenger  and  freight  cars.  In  addition  to  this  a 
separate  building  is  devoted  to  the  manufacture  of  frogs  and 
:switches,  while  the  machine  shop  and  the  foundry  will  turn  out 
many  miscellaneous  articles  required  in  operating  the  railway  and 
in  new  construction. 

The  general  stores  are  to  serve  the  entire  system,  while  the 
.general  offices  will  serve  as  headquarters  for  the  superintendent  of 
rolling  stock,  master  car  builder  and  the  general  storekeeper. 

The  shops  naturally  fall  into  three  classes,  the  first,  those  de- 
voted exclusively  to  car  work;  the  second,  to  locomotive  construc- 
tion and  repair,  the  third  being  common  to  both  departments. 

The  first  class  comprises  the  planing  mill  and  cabinet  shop, 
the  passenger  car  shops,  freight  car  shop,  truck  shop  and  car 
machine  shop,  as  well  as  the  wheel  foundry  and  the  dry  kilns. 

Locomotive   work   is   mainly   concentrated    in   the   large   loco- 
motive machine  and  erecting  shop,  while  the  blacksmith  shop  and 
.^ey  iron  foundry   (with   its  pattern   shop  and  storage  building), 
serve  for  car  work  as  well  as  engine  construction. 

The    arrangement    of    the    buildings    with    reference    to    one 
another  is  of  the  first  importance,  and  became  the  subject  of  ex- 
tended investigation.    It  was  infiuenced  largely  by  the  shape  of  the 
property,  and  the  position  of  the  main  line  tracks  as  well  as  the 
ground  available  for  storage.    The  future  enlargement  of  the  shops 
had  also  to  be  considered.    Every  building  is  in  fact  so  arranged  as 
to  allow  future  enlargement,  while  suitable  locations  have  been  re- 
served for  additional  buildings.    The  main  point  to  be  considered 
in  the  arrangement  was,  however,  the  economical  and  direct  hand- 
ling of  the  material  from  the  raw  state  to  its  incorporation  into  the 
finished  car  or  engine.    The  general  layout  may  be  called  a  com- 
bination  of  the  longitudinal  and  transverse  systems.    The  tracks 
running  parallel  to  the  buildings  and  to  the  long  axis  of  the  shop 
grounds  form  the  principal  means  of  access.      As  may  be  seen  by 
reference  to  the  plan  most  of  the  buildings  are  arranged  along  a 
transverse  avenue  eighty  feet  wide.     On  this  avenue,  popularly  called 
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the  Midway,  the  usual  transfer  table  is  discarded  in  favor  of  a 
t«n  ton  overhead  electric  travelling  crane»  running  on  structural 
steel  sup];K)rt  over  1,000  feet  long.  It  is  believed  that  this  crane 
will  prove  a  most  valuable  adjunct  in  handling  material  between 
the  different  shops.  It  is  supplemented  by  a  surface  track  with 
turntables  on  the  Midway.  A  similar  outdoor  crane  serves  the 
stockyard  adjacent  to  the  grey  iron  foundry. 

The  different  classes  of  work  may  be  briefly  indicated. 

The  building  of  freight  cars  is  one  of  the  most  important  func- 
tions the  shops  will  have  to  fulfil.  A  large  and  increasing  number 
are  a  necessity  to  the  road,  while  existing  facilities  in  Canada  are 
meagre,  and  the  prevailing  duty  makes  importation  from  the  Uni- 
ted States  expensive,  besides  being  opposed  to  the  policy  of  the 
railway  to  have  all  possible  work  done  within  the  Dominion. 

The  proposed  output  is  twenty-five  to  thirty  cars  per  day,  re- 
quiring in  the  aggregate  a  very  large  amount  of  lumber  and  iron. 
The  large  wood  storage  ground  indicated  will  probably  prove 
scanty  rather  than  too  liberal.  * 

This  lumber  will  all  of  it  pass  through  the  planing  mill,  thougli 
a  large  proportion  of  it  must  first  be  dried  in  the  larger,  or  soft- 
wood, kiln.  The  finished  timbers  emerge  from  the  west  end  of  the 
mill  and  pass  on  to  the  freight  car  shop,  a  small  transfer  table  as- 
sisting the  movement.  The  iron  work  for  freight  cars  is  forged 
in  the  blacksmith  shop  or  cast  in  the  grey  iron  foundry  and 
machined  in  the  car  machine  ship,  whence  it  goes  to  the  truck  shop 
or  the  freight  car  shop  for  final  use.  In  the  truck  shop  the  trucks 
for  tlfe  freight  cars,  as  well  as  for  the  coaches,  are  put  together, 
rne  chilled  wheels  are  to  be  cast  in  the  well-equipped  wheel 
foundry  with  a  capacity  of  three  hundred  wheels  per  day.  They  are 
Dored  and  pressed  on  to  the  axles  in  the  west  end  of  the  truck 
shop,  which  is  provided  with  all  necessary  machinery  for  this  pur- 
pose. 

The  completed  truck  goes  to  the  freight  car  shop,  where  the  car 
oodles  are  erected  on  it.  There  are  four  tracks  for  erection  pur- 
poses, each  640  feet  loag,  and  two  intermediate  tracks  for  bringing 
m  supplies.  Six  travelling  cranes  fitted  with  air  hoists  will  handle 
the  heavier  material. 

The  material  for  the  passenger  car  shops  is  prepared  in  the 
mill  and  the  cabinet  shop,  the  mahogany  and  other  hardwood  being 
dried  in  the  smaller  kiln  and  stored  in  the  hardwood  storage,  which 
forms  the  first  fioor  of  the  upholstery  shop.  The  coach  shops  are 
served  by  an  electric  transfer  table  seventy-five  feet  long,  operated 
through  an  overhead  trolley  by  a  20  H.P.  alternating  current  motor. 
The  coach  shops  are  100  feet  wide,  and  each  shop  has  twenty- 
eight  tracks  spaced  twenty-four  feet  apart  centre  to  centre. 

The   locomotive  shop   is  of  the  longitudinal  type,    with  three 
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bays,  eacn  1,165  feet  long,  of  which  about  330  feet  is  devoted  to 
the  boiler  and  tank  work.  There  are  three  bays;  the  erecting  bay,, 
which  is  eighty  feet  wide,  an  adjacent  machine  shop  bay,  fifty  feet 
wide,  and  a  third  bay  twenty-five  feet  wide,  with  an  overhead  gal- 
lery 01  the  same  width  to  be  used  for  lighter  machinery. 

In  the  erecting  shop  there  are  three  tracks  with  pits  and  twa 
intermediate  supply  tracks.  The  engines  are  handled  by  two  sixty 
ton  electric  travelling  cranes,  each  having  a  ten  ton  auxiliary  hoists 
in  the  boiler  shop  there  is  a  twenty  ton  travelling  crane  on  the. 
same  runway,  and  numerous  jib  cranes.  In  the  machine  shop, 
there  is  one  fifteen  ton  and  one  ten  ton  crane  of  fifty  feet  span. 
All  these  cranes  are  driven  by  continuous  current  motors,  the  vol- 
tage being  250.  Besides  this  the  boiler  shop  has  a  hydraulic  crane. 
In  the  ri vetting  tower  to  serve  the  riveter. 

Construction    of    the    Buildings. 

In  the  designing  of  the  buildings  adaptation  to  their  respective 
uses  and  economy  In  both  first  cost  and  maintenance  were  tbie 
prime  considerations.  It  is  hoped,  however,  that  the  appearance  of. 
the  buildings  is  not  objectionable,  though  perhaps  not  aesthetically 
pleasing.  Some  care  was  indeed  taken  to  avoid  disfiguring  con- 
strncUon.  Among  the  principal  requirements  to  be  met  in  the  con- 
struction, we  may  mention  the  necessity  for  good  lighting  in  all 
parts  of  the  buildings  and  in  all  weathers.  To  ensure, 
this  the  brick  walls  were  pierced  with  as  much  window 
surface  as  appeared  safe.  Steel  frame  construction  for  the 
side  walls  was,  however,  not  used,  the  walls  being  self-support- 
ed, and  also  carrying  the  trusses  except  in  the  south  wall  of  the 
locomotive  shop.  The  windows  occupy  about  fifty  per  cent,  of  the 
wa'l  surface.  In  addition  to  this,  almost  all  the  buildings  have  sky- 
lighu;  these  generally  run  transversely,  extending  half  the  width  of 
the  building.  As  there  is  a  skylight  in  every  bay,  and  its  width  Is 
half  of  the  width  of  the  bay,  the  skylight  area  is  about  twenty-five 
per  cent  of  the  total  roof  area.  These  skylights  are  of  galvanized 
iron  framing  and  covered  with  three-eighth  Inch  rough  cast  glass 
laid  in  putty.  The  panes  are  two  feet  wide,  and  in  one  piece  for  each 
half  skylight,  avoiding  all  joints  in  the  glass.  A  revolving  venti- 
lator is  generally  fitted  to  each  skylight 

Another  important  requirement  was  the  greatest  possible  safety 
against  destruction  by  fire  consistent  with  reasonable  economy. 
The  buildings  are  all  of  them  of  a  simple  strong  construction,  in 
conformity  with  the  rules  for  slow  burning  mill  construction,  as 
developed  by  the  Massachusetts  Mill  Owners  Mutual  Insurance- 
Companies. 
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The  walls  are  of  hard  hurned  hrick  laid  in  Portland  cement 
jnortar.  They  are  from  twelve  inches  to  sixteen  inches  thick,  with 
j)ila8ters  about  twenty  feet  apart.  In  the  arrangement  of  the 
Toof  framing  and  the  spacing  of  the  supporting  columns,  the  de- 
mand of  the  operating  department  with  regard  to  the  layout  of  the 
machinery  had  to  be  considered,  and  the  result  is  in  some  cases 
a  compromise  between  their  requirements  and  economy  in  construc- 
tion. It  is  believed,  however,  that  as  built  no  important  require- 
ment in  the  use  of  the  shops  has  been  sacrificed.  The  framing  of 
the  roofs  is  of  three  kinds:  First,  a  column  and  girder  construc- 
tion (usually  in  timber),  as  in  the  truck  shop  and  frog  shop,  the 
i>assenger  car  shops  and  the  cabinet  shop;  secondly,  a  roof  frame 
consisting  of  Howe  trusses,  supported  on  steel  columns,  as  in  the 
freight  car  shop,  planing  mill  and  car  machine  shop.  It  may  be 
added  that  the  wooden  Howe  trusses  in  the  car  shops  were  adopted, 
instead  of  steel  trusses  mainly  to  safe  time.  The  saving  in  co&t  did 
not  exceed  twelve  and  a  halt  per  cent  In  the  outcome  there  was 
j;>robably  no  saving  of  time  from  the  use  of  timber,  but  on  the  other 
hand  no  great  disadvantage  resulted  from  using  this  form  of  con- 
struction. The  heavy  timber  girder  and  post  construction,  as  used 
in  the  truck  shop,  etc.,  was  adoptad  as  being  cheaper  and  better 
than  truss  work,  and  its  use  is  believed  to  be  fully  justified. 

The  principles  of  "mill  construction**  were  fully  carried  out, 
the  purlius  in.  no  case  being  less  than  six  inches  by  twelve  inches, 
and  in  many  buildings  eight  inches  by  sixteen  inches.  They  are 
spaced  from  eight  to  ten  feet  part.  The  roof  boards  are  three 
inches  thicK  in  all  cases.  In  the  locomotive  shop  they  are  eieven 
inches  wide  with  tongue  and  groove.  In  mx>st  of  the  other  build- 
ings this  roofing  was  built  up  of  strips  of  three  by  three,  laid 
with  broken  joints  in  random  lengths  and  well  nailed  horizontally 
and  vertically.  These  strips  were  surfaced  on  three  sides,  but 
i^rere  not  tongued  and  grooved.  On  top  of  the  boards  a  four-ply 
tar  and  gravel  roofing  of  standard  construction  was  laid.  There 
is  a  galvanized  iron  flashing  around  the  skylight,  but  there  are  no 
gutters  or  downspouts. 

The  flooring  throughout  consists  of  three  inch  unmatched  plank 
nailed  to  cedar  sleepers  four  feet  apart  and  bedded  in  from  fifteen 
to  eighteen  inches  of  cinders. 

It  may  be  added  that  the  roof  loads  were  taken  at  70  lbs.  per 
square  foot  (total  loading),  and  the  stresses  in  the  timber  beams 
.at  1,500  lbs.  per  square  inch. 

The  structural  steel  is  of  simple  construction,  though  every 
attempt  was  made  to  secure  rigidity,  especially  where  crane  run- 
ways had  to  be  supported.  Tensile  stresses  are  15,000  lbs.  per 
square  inch  on  the  net  section,  and  compressile  stresses  12,000  lbs. 
reduced  for  length.  In  the  crane  runway  girders,  the  tensile  stres- 
ses were  reduced  to  12,500  lbs.  per  square  inch. 
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Heating. 

The  heating  of  the  shops  was  the  subject  of  an  extended  study 
in  order  to  determine  the  most  practicable  system.  This  question 
was  necessarily  taken  up  In  connection  with  the  design  of  the 
power  plant.  The  economy  of  producing  power  in  an  independent- 
station  is  dependent  on  the  utilization  of  the  exhaust  steam  for 
heating.  As  exhaust  steam  possesses  about  nlnty  per  cent,  of  the 
heat  units  contained  in  the  steam  before  it  has  pass'ed  through  the 
engines,  it  is  clear  that  every  consideration  of  economy  will  lead 
to  its  utilization  if  possible.  Whether  any  additional  boilers  will 
be  required,  over  and  above  those  necessary  for  power,  will  de- 
pend, of  course,  on  the  amount  of  power,  the  size  of  the  shops,  and 
the  prevailing  temperature.  In  the  Angus  shops,  about  26,000,000 
cubic  feet  had  to  be  heated  in  the  various  shops,  while  the  horse 
power  installed  in  the  engine  room  of  the  power  house  is  nearly 
3,000.  A  somewhat  careful  calculation,  based  upon  the  prevailing 
practice,  and  a  study  of  the  temperatures  in  Montreal  as  recorded- 
by  McGiU  University  for  many  years  past,  led  to  the  conclusion  that 
about  2,800  boiler  horse  power  would  be  required,  and  that  the 
heating  requirements  were  very  nearly  the  same  as  the  power  re- 
quirements under  average  weather  conditions. 

The  choice  lay  between  three  systems  of  heating, — the  hot- 
blast  or  Sturtevant  system;  ordinary  direct  steam  radiation,  and 
a  hot  water  system.  In  the  first,  exhaust  and  live  steam  are  taken 
to  one  or  more  points  in  each  building,  and  used  there  to  heat 
coils  of  steam  pipe,  and  also  to  drive  a  small  engine  operating  a 
fan.  Air  is  taken  either  from  outdoors  or  from  the  inside  of  the 
building,  drawn  by  the  fan  over  the  heating  coils  so  as  to  be 
wanned  to  about  130  degrees,  and  then  blown  through  ducts  over 
or  above  ground  to  different  parts  of  the  building.  This  was  the 
system  finally  adopted  for  all  the  buildings,  though  the  hot  water 
system  presented  some  advantages.  The  requisite  radiating  sur- 
face for  heating  by  hot  water  is,  however,  difficult  to  place  in  the- 
buildings,  and  the  first  cost  of  the  system  is  considerably  greater. 

In  the  arrangement  of  the  pipes,  care  was  taken  to  proportion 
them  in  such  a  way  as  to  utilize  the  exhaust  steam  as  much  as  pos- 
sible. In  extreme  weather  certain  portions  of  the  buildings  will 
have  to  be  heated  by  live  steam  by  day  as  well  as  by  night. 

The  steam  pipes  are  carried  from  the  power  house  to  the 
several  buildings  in  a  tunnel  6'  high  and  4%'  wide,  built  of  brick. 
A  few  of  the  smaller  mains  are,  however,  carried  under  ground 
in  wooden  boxes. 

Power  Plant. 

All  power,  whether  for  mechanical  or  lighting  purposes,  is 
generated  in  the  central  power  plant.  This  contains  seven  415 
horse  power  Babcock  &  Wilcox  boilers,    150    Iba.    pressure,    one 
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ISO"*  superheat  and  one  Babcock  &  Wilcox  boiler  built  tor  a  pressure 
of  300  lbs.  for  testing  the  completed  locomotive  bodlers  in  the  boiler 
.shop,  a  special  four  inch  main  being  laid  to  that  point 

Two  "Green"  economizers  are  used,  and  a  Sturtevant  induced 
draft  fan  and  stack. 

The  engine  and  generator  equipment  is  as  follows: — Three  750 
horse  power  Cross  compound  engines,  non-condensing,  connected  to 
500  K.W.  alternating  current  generators.  These  have  a  voltage  of 
£00,  and  a  frequency  of  7,200  alternations  per  minute.  The  speed  of 
the  units  is  150  revolutions  per  minute.  An  auxilary  unit  of  half 
this  size,  with  a  simple  engine,  is  provided.  These  generators  pro- 
vide all  current  for  lighting  as  well  as  for  power,  excepting  that 
necessary  for  cranes  and  a  limited  number  of  variable  speed  tools. 
For  these,  two  units  are  provided,  each  being  a  300  horse  power 
simple  engine  direct  connected  to  a  direct  current  generator,  pro- 
ducing 250  volts.  The  speed  of  these  engines  is  180.  The  distribu- 
tion from  the  power  house  to  the  different  shops  is  by  bare  wire  on 
steel  poles. 

As  to  the  motor  equipment  in  the  different  shops,  the  larger 
tools  will  have  individual  motors,  but  group  driving  will  be  used 
for  smaller  tools;  the  smallest  motor  being  ten  horse  power. 

Sewers. 

The  sewerage  system  is  rather  extensive,  but  simple  in  its 
character.  Two  main  lines  of  sewers  are  carried  transversely,  con- 
necting with  the  city  sewer  on  Nolan  Street.  They  begin  with  a 
diameter  of  eight  inches  at  the  northern  part  of  the  grounds,  and 
increase  to  three  feet  by  two  feet.  They  are  connected  with  all 
lavatories,  etc.,  and  also  serve  to  a  limited  extent  for  surface  drain- 
age, which  is  carried  to  the  sewers  through  wooden  drain  boxes. 

Water  Supply  and  Fire  Protectiox. 

The  city  provides  two  systems  of  water  mains, — one  for  ordi- 
nary uses  at  a  pressure  of  about  35  lbs.,  the  other  for  fire  purposes 
only,  with  a  pressure  of  130  lbs.  per  square  inch.  There  are  two 
entirely  separate  systems  of  mains  all  over  the  grounds  for  these 
two  services.  The  supply  system  has  a  six  inch  main  on  the  Mid- 
way, with  smaller  mains  diverging  to  the  different  buildings.  The 
fire  service  consists  of  a  12  inch  main  on  the  Midway,  and  eight 
inch,  ten  inch  and  twelve  inch  mains  encircling  the  various  build- 
ings. About  sixty  three-way  hydrants  are  placed  at  different  points 
In  the  grounds,  and  are  about  150  feet  apart.  With  the  Are  mains 
is  also  connected  the  sprinkling  system.  About  13,000  automatic 
sprinklers  are  put  in  all  the  buildings;  their  arrangement  being 
strictly  in  accordance  with  the  specifications  of  the  underwriters. 
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Two  1,500  gallon  Underwriters*  pumps    are    placed    in    the  power 
liouse  as  auxiliary  measures  in  connection  with  the  fire  service. 

In  addition  to  the  city  water  supply,  the  shops  have  their  own 
supply  of  water,  which  consists  of  two  artesian  wells  six  inches  in 
diameter  and  550  feet  deep,  sunk  through  the  limestone  rock  close 
to  the  power  house.  It  is  believed  that  these  will  furnish  nearly 
20,000  gallons  per  hour  of  very  pure  water.  As  a  further  sate- 
gruard  against  fire,  an  open  reservoir  66  feet  in  diameter,  with  a 
capacity  of  500.000  U.S.A.  gallons,  has  been  provided.  A  75,000  gal- 
lon steel  tank,  fifty  feet  in  height,  serves  to  maintain  a  uniform 
liead  on  the  supply  pipes  and  gives  additional  storage. 

The  general  welfare  of  the  employees  has  been  looked  after  to 
an  unusual  degree.  A  very  complete  system  of  lavatories  is  pro- 
vided; the  latest  sanitary  plumbing  will  be  installed,  and  the  lava- 
tones  are  in  every  case  under  the  same  roof  as  the  mam  building, 
thus  obviating  the  necessity  for  the  men  to  go  out  of  doors,  which 
in  this  climate  is  very  objectionable  in  winter. 

The  system  of  heating  also  provides  most  excellent  ventilation. 
It  is  impossible  in  this  brief  paper  to  refer  in  detail  to  the 
machinery  to  be  installed  in  the  different  buildings.  Brief  men- 
tion may,  however,  be  made  of  the  wheel  foundry  equipment.  This 
Is  the  well-known  Whiting  rectangular  system,  which  has  been 
worked  out  with  great  care  by  the  Whljtlng  Foundry  Equipment 
Company,  and  it  is  hoped  will  produce  car  wheels  very  economical- 
ly and  of  high  grade.  The  grey  iron  foundry,  in  like  manner,  is  to 
be  equipped  according  to  the  latest  and  best  practice. 

The  large  locomotive  shop  is  to  be  fitted  with  the  latest  ma- 
chinery and  tools,  working  high  grade  steels  at  the  highest  cutting 
speeds  called  for  by  proper  economy. 

The  boiler  shop,  at  the  west  end  of  the  locomotive  shop,  will 
liave  a  seventeen  foot  gap  hydraulic  elevator  with  a  sixty-five  foot 
riveting  tower  for  holding  the  twenty-five  ton  hydraulic  cranes. 
The  pressure  in  the  accumulator  will  be  1,500  lbs.  per  square  inch. 
The  blacksmith  shop  is  being  equipped  with  oil  furnaces 
throughout.  There  will'be  an  overhead  system  of  exhausts,  and  a 
blast  system  for  introducing  air.  Shavings  will  be  removed  from 
the  planing  will  and  cabinet  shop  by  the  exhaust  fan  system,  and 
carried  to  the  power  house  for  consumption  under  several  of  the 
boilers. 
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THE  ELECTROTHERMIC  PRODUCTION  OF  IRON  AND  STEEI^ 
By  Alfred  Staxsfield,  D.Sc,  A.R.S.M.,  A.  Can.  Soc.  C.  E. 

The  commercial  possibility  of  producing  iron  and  steel  in  the- 
electric  furnace  is  a  question  of  considerable  interest  at  the  present 
time  in  view  of  the  attempts  which  have  recently  been  made  in  this, 
direction.  These  attempts,  which  are  still  being  continued,  include 
the  production  of  iron  and  steel  by  processes  similar  to  those- 
usually  adopted,  but  in  which  the  heat  necessary  for  enabling  the- 
chemical  reactions  to  take  place  and  for  fusing  the  metal  and. 
accompanying  slag  is  furnished  by  means  of  electric  power  instead 
of  by  the  combustion  of  carbonaceous  fuel  as  at  present. 

At  first  sight  this  idea  appears  to  be  quite  absurd  in  view  of  the- 
high  degree  of  efficiency  already  attained  in  the  metallurgy  of  iron 
and  steel,  and  of  the  much  greater  cost  of  electrical  heat  than  of  coaL 
heat ;  but  the  fact  that  commercial  attempts  to  produce  iron  and 
steel  electrically  have  actually  been  undertaken  shows  us  that  it  is 
advisable  to  reconsider  this  conclusion. 

Although  the  electric  furnace  is  still  in  its  infancy  and  its  full 
powers  are  unknown,  it  is  quite  obvious  that  the  possibility  of 
applying  heat  exactly  at  the  required  point,  of  producing  a  temper- 
ature which  may  be  as  high  as  that  of  the  electric  arc,  and  of  doing^ 
this  without  being  obliged  to  blow  through  the  furnace  a  stream  of 
air  and  other  gases  is  one  that,  in  certain  cases,  may  outweigh  the 
greater  cost  of  electrical  energy.  A  very  high  temperature  can  easily 
be  produced  by  electrical  heating  in  a  furnace  containing  strongly 
reducing  gases,  and  this  fact  has  already  been  utilized  in  the  pro- 
duction of  certain  alloys  of  iron  such  as  ferro-chrome,  ferro-tung- 
sten,  ferro-sillcon,  etc.,*  in  which  cases  the  value  of  the  alloys  and 
the  difficulty  and  expense  of  producing  them  by  ordinary  furnace 
methods  has  led  to  the  use  of  the  electric  furnace  in  preference  to 
cupola  or  crucible  furnaces,  in  spite  of  the  greater  cost  of  elec- 
trical heat. 

Is  It  possible,  however,  that  the  expensive  electrical  energy 
should  ever  be  used  commercially  for  the  production  of  iron  or 
steel,  metals  which  are  produced  with  ease  and  economy  by  ordin- 
ary furnace  methods? 


*  Keller,  Joiirn.  Iron  nnd  Steel  Inst.,  1903, 1.,  p.  16t. 
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The  answer  to  this  question  must  depend  mainly  upon  the  rela- 
tire  cost  of  fuel  and  electrical  energy.  There  are  at  present  no 
electrical  iron  or  steel  smelting  furnaces  equal  in  size  to  a  modern 
blast  famace  or  even  an  open  hearth  furnace,  so  that  satisfactory 
demonstrations  of  their  efficiency  on  a  large  scale  are  still  lacking, 
bat  the  great  efficiency  of  electrical  heating  enables  us  to  predict 
with  a  fair  degree  of  accuracy  the  amount  of  energy  that  such  fur- 
naces would  require,  and  such  calculations  are  supported  by  the 
working  results  of  small  furnaces  already  in  operation. 

Taking  first  the  direct  production  of  pig  iron  from  the  ore, 
Albert  Keller/  of  Paris^.  states  that  he  has  determined,  experi- 
mentally, that  one  ton  f  of  pig  iron  requires  H  of  a  kilowatt  year, 
that  is  2,190  kilowatt  hours. for  its  reduction  in  addition  to  the  350 
kilos,  of  coke  needed  to  effect  the  chemical  changes. 

Dr.  Goldschmldt  t  in  reporting  on  the  Stassano  process,  which 
was  producing  nearly  pure  iron  from  the  ore,  calculates  that  the 
production  of  one  metric  ton  of  carbon  free  iron  from  a  65%  ore 
would  require,  assuming  an  efficiency  of  80%,  3,364  horse  power 
hours,  or  2,510  kilowatt  hours,  which  is  of  the  same  order  as  the 
previous  figures.  In  the  operation  of  a  small  Stassano  furnace  of 
about  100  kilowatt's  capacity  a  charge  of  70  kilograms  of  ore  mix- 
ture was  reduced  in  two  hours  with  an  expenditura  of  electrical 
power  equal  to  121.5  kilowatt  hours,  or  3,945  kilowatt  hours  per 
metric  ton  of  iron,  a  figure  which  is  57%  greater  than  the  calcula- 
tion, but  the  discrepancy  is  not  surprising  in  view  of  the  smallness 
of  the  test 

It  should  be  remembered  that  the  production  of  one  ton  of  pig 
iron  would  require  somewhat  less  heat  than  that  of  one  ton  of  car- 
bon free  iron,  both  on  account  of  the  smaller  amount  of  iron  to  be 
reduced  and  of  the  lower  temperature  of  its  melting  point 

In  order  to  realize  what  these  figures  mean,  we  must  enquire 
into  the  price  to  be  paid  for  electrical  energy. 

The  cost  of  electrical  'energy  Is,  indeed,  the  most  important 
factor  in  determining  the  possibility  of  the  electrical  smelting  of 
iron  ores.  It  is  by  no  means  easy  to  obtain  satisfactory  figures, 
One  Canadian  writer  states  that  an  electrical  horse  power  can  be 
produced  hydraulically  in  America  for  0.05  cents  per  hour,  while 
the  small  consumers  of  electric  light  in  Montreal  pay  10%  cents  for 
the  same  amount,  a  figure  which  is  200  times  as  great  as  the  other. 

The  author  has  obtained  a  number  of  figures  for  the  cost  of  pro- 
duction and  the  selling  price  of  electrical  power,  and  these  place 


*  Joarn.  Iron  and  Steel  last.,  190?,  rol.  L,  p.  170. 
t  Probably  one  metric  ton  or  2,WSlt>f. 
X  Electro-chemical  Indoatry,  March,  1908,  p.  247. 
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the  cost  of  producing  an  electrical  horse  power  under  very  favour- 
able conditions  from  water  power  as  0.13  cents  per  hour,  while  the 
price  at  which  it  may  be  bought  will  be  0.16  or  0.17  cents,  and  in 
exceptionally  favourable  cases  even  lower  figures  may  be  obtained, 
it  being  understood  that  very  large  outputs  are  considered,  that 
these  are  to  be  employed  near  the  source  of  power  and  that  the 
power  is  to  be  used  continuously  24  hours  a  day  and  365  days  a  year. 
The  problem  may  be  considered  in  two  ways,  either  as  a  simple 
iron  smelting  proposition  in  which  electric  power  is  purchased  with 
the  other  supplies,  or  as  a  scheme  for  the  utilization  of  a  water 
power  in  which  the  iron  smelting  is  merely  considered  as  a  means 
to  that  end;  and  the  price  charged  for  electrical  power  would  prob- 
ably be  different  in  these  two  cases. 

Let  us  suppose  that  the    iron  smelter   purchases   power   at   0.15 
cents  per  E.H.P.  hour  or  0.2  cents  per  kilowatt  hour. 

If  2,500  kilowatt  hours  are  required  for  the  production  of  1 
metric  ton  of  pig  iron  the  cost  for  electrical  energy  would  be  $5.00. 
Against  the  cost  of  the  electrical  power  may  be  set  the  cost  of 
the  fuel  that  is  saved  by  using  electrical  heat.  About  0.6  of  a  ton 
of  coke  is  saved  per  ton  of  iron  produced  and  this  at  $2.50  a  ton  ♦ 
would  amount  to  $1.50  per  ton  of  iron. 

Dr.  Goldschmidt  considers  that  the  carbon  electrodes  used  in  the 
electric  furnace  will  cost  about  70  cents  per  ton  of  iron,  and  against 
this  figure  should  be  set  the  saving  effected  by  the  absence  of  blow- 
ing engines  and  hot  blast  stoves. 

We  may,  therefore,  consider  that  the  prices  of  fuel  and  of  elec- 
trical power  are  the  main  factors  to  be  considered  as  determining 
the  relative  cost  of  the  two  methods  of  smelting  iron  ores.  It  is 
quite  clear  that  electrical  smelting  of  iron  ores  cannot  compete 
with  the  blast  furnace  using  col<e  at  $2.50  a  ton,  even  in  places 
where  very  cheap  water  power  is  available,  but  if  the  price  of  coke 
were  $8.00  instead  of  $2.r>0.  the  saving  of  coke  and  blast  would 
about  equal  the  cost  of  the  electrical  heat,  so  that  in  localities 
where  furnace  cole  cost  upwards  of  $8.00  a  ton  and  where  cheap 
water  power  could  be  obtained,  it  might  be  better  to  smelt  iron  ores 
electrically  than  by  means  of  coke.  Mr.  Keller,*  in  his  paper 
read  before  the  Iron  and  Steel  Institute,  considers  that  in  Brazil, 
Chile  and  New  Zealand  electrical  smelting  of  iron  ores  would  be 
possible  and  he  quotes  prices  of  coke  in  Brazil  and  Chile  that  would 
be  prohibitive  for  the  blast  furnace  smelting  of  iron  ores,  but  it 
would  be  necessary  also  to  consider  at  what  price  iron  could  be  im- 


*  Mineral  Industry,  vol.  XI.,    page    i:r),  av<M-ng('  price    at  oNtns    Jn  the  Inltod  State* 

duiiiiK  1»)2. 

♦  Loc.  clt. 
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ported  from  outside  sources,  before  deciding  that  electrical  smelting 
of  iron  ores  would  be  financially  possible  in  any  locality. 

The  above  considerations  apply  to  the  smelting  of  iron  ores  that 
are  equally  suitable  for  the  blast  furnace  and  the  electric  furnace, 
but  there  are  some  ores  such  as  iron  sands  and  titaniferous  iron 
ores  which  can  be  smelted  in  the  blast  furnace  only  with  consider- 
able difficulty  t  while  in  the  electric  furnace  owing  to  the  absence 
of  a  blast  and  to  the  higher  temperature  attainable  less  difficulty 
may  be  experienced.  It  is  obvious  that  cases  may  occur  in  which 
the  electric  furnace,  although  more  expensive  when  treating  an 
ordinary  iron  ore  may  yet  be  less  expensive  than  the  blast  furnace 
when  treating  certain  refractory  ores,  and  the  possibilities  of  treat- 
ing these  ores  at  all  may  depend  upon  the  possibility  of  smelting 
them  electrically. 

The  possibility  of  the  electrical  smelting  of  charcoal  iron  should 
be  considered  as  in  this  case,  owing  to  the  greater  value  of  the  pro- 
duct and  the  higher  cost  of  the  fuel  there  is  a  greater  probability 
that  electrical  smelting  may  be  commercially  possible. 

Leaving  now  the  smelting  of  iron  ores  for  the  production  of  pig 
iron,  let  us  consider  the  electric  furnace  methods  of  producing  steel, 
including  in  this  term  both  structural  steel  and  the  more  valuable 
varieties  such  as  crucible  steel. 

Mild  steel  can  be  made  in  the  electric  furnace  by  the  direct  re- 
duction of  pure  iron  ores,  using  only  Just  enough  carbon  in  the 
charge  to  reduce  the  oxide  of  iron  to  the  metallic  state. 

Dr.  Goldschmidt  states  that  Stassano  can  produce,  in  his  fur- 
nace, steel  containing  less  than  0.1%  of  carbon,  0.017©  of  phosphor- 
ous and  0.06%  of  sulphur  from  ores  containing  nearly  0.06%  each  of 
phosphorous  and  sulphur.  The  amount  of  sulphur  in  the  coal  used 
in  the  charge  is  not  mentioned. 

As  the  cost  of  production  of  this  steel  is  about  the  same  as  that 
of  producing  cast  iron  in  the  Stassano  furnace,  it  would  appear  that 
electrically  smelted  steel  can  be  obtained  directly  from  the  ore  at  a 
price  that  would  compare  with  that  of  open  hearth  or  Bessemer 
steel.  For  such  a  purpose  it  would  probably  be  advisable  to  use 
particularly  pure  ores  and  coal,  but  as  there  is  no  need  (as  in  the 
blast  furnace)  to  have  more  coal  or  coke  than  is  required  for  the  re- 
duction of  the  iron  oxide,  it  might  be  possible  to  provide  an  excess 
of  oxide  sufficient  to  carry  off  in  the  slag  the  bulk  of  the  phosphor- 
ous and  sulphur  from  ordinary  ores  unless  they  were  highly  sili- 
ceous. 


t  See,  however,  a  paper  by  RobsI  (Trans.  Am.  Inst,  of  Mln.  Ens.,  vol.  XXXIII.,  HWfl,  p.  179), 
OB  the  "  Metallargy  of  Titanium  "In  which  he  states  iliat  Iron  oren  wiih?(V  or  :HK  of  tltnnlc 
acid  can  be  •melted  with  no  more  dlffleuliy  than  iron  ores  contalnlriK  that  amount  of  silica, 
provided  that  the  charKcaare  saltably  arranged;  and  that  the  resultinK  piK  iron  Is  of  especially 
good  quality. 
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Thus  the  absence  of  fuel  in  the  electric  furnace  enables  it  to  be 
used  for  the  production  of  either  cast  iron  or  steel  directly  from  the 
ore. 

The  methods  usually  adopted  by  electro-metallurgists  for  the 
production  of  steel  resemble  more  closely  the  open-hearth  ana  cru- 
cible  processes.  Cast  iron,  obtained  electrically  or  in  the  blast 
furnace,  is  melted  electrically  together  with  steel  scrap  and  pure 
iron  ores,  the  impurities  in  the  charge  are  eliminated,  mainly  as 
oxides  In  the  slag,  and  a  metal  Is  obtained  which  may  retain  the 
desired  amount  of  carbon,  or  may  be  recarburized  by  suitable  addi- 
tions in  the  furnace  or  the  casting  ladle. 

The  electrothermic  production  of  steel  from  intermediate  pro- 
ducts such  as  pig  iron  and  steel  scrap  with  the  usual  additions  of 
iron  ore  has  been  attempted  by  several  experimenters. 

KJellin's  electric  Induction  furnace  is  stated  to  be  capable  of 
producing  molten  steel  from  cold  pig  iron  and  scrap  at  the  rate  of 
1  metric  ton  of  tool  steel  for  800  E.H.P.  hours,*  the  cost  for  power 
being,  in  this  case,  about  one-fourth  of  that  incurred  in  the  produc- 
tion of  pig  iron  from  the  ore — that  is  about  $1.25  per  metric  ton  of 
steal. 

The  conditions  were  exceptionally  favourable,  as  charcoal  iroa 
was  used,  but,  on  the  other  hand,  the  use  of  molten  pig  iron  would 
have  further  reduced  the  expense  for  power.  The  steel  was  said  to 
be  exceptionally  good  and  this  was  attributed  to  the  absence  of  dis- 
solved gases.  Very  little  exact  information  is  available  in  this 
connection,  but  it  is  considered  that  the  superiority  of  open  hearth 
steel  over  Bessemer  steel  and  of  crucible  steel  over  open  hearth 
steel  is  due,  not  entirely  to  a  greater  degree  of  freedom  from  the 
ordinary  metalloids  present  in  steel,  but  in  part,  at  least,  to  the 
degree  of  freedom  from  dissolved  gases,  such  as  oxygen,  nitrogen 
or  hydrogen  ;  these  gases  being  likely  to  be  most  abundant  In  Bes- 
semer steel  and  least  abundant  in  crucible  steel. 

Probably  the  greatest  field  of  usefulness  of  the  electric  furnace 
in  the  metallurgy  of  iron  and  steel  will  be  In  the  production  of 
crucible  steel.  As  it  still  pays  to  fuse  this  material  in  small 
amounts  in  crucibles,  in  order  to  protect  It  from  the  gases  unavoid- 
ably present  in  an  open  hearth  furnace,  it  seems  probable  that  the 
electric  furnace  which  can  fuse  steel  more  cheaply  than  the  cm- 
cible  process  and  can  protect  it  quite  as  effectually  from  any  gases 
that  may  be  found  objectionable,  must  replace  the  crucible  furnace. 
It  may  also  be  expected  to  partly  replace  the  open  hearth  fur- 
nace, in  the  production,  for  example,  of  the  more  expensive  varie- 


*  ThlB  flgiire  Is  an  estimate  of  the  output  from  a  1,000  H.  P.  furnace,  the  actual  reiulta 
obtained  with  a  furnace  of  2t*0  H.  P.  were  considerably  more  costly.  Electro-Chemical  IcdnBtr}*,. 
vol.  L,  1903,  p.  576. 
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ties  of  steel  in  which  the  expense  of  fusing  is  of  less  importance 
than  the  soundness  of  the  product 

Very  many  different  types  of  furnace  have  been  used  for  the 
electro-thermic  smelting  of  iron  ores  or  the  production  of  steel,  but 
they  may  all  be  placed  In  one  of  two  classes  : — (1)  furnaces  heated 
by  means  of  an  electric  arc  and  (2)  furnaces  heated  by  the  passage 
of  an  electric  current  through  the  charge  itself  or  through  some 
poorly  conducting  part  of  the  furnace. 

The  Stassano  and  Heroult  furnaces  are  examples  of  arc  furnaces, 
and  the  Keller,  Harmet  and  Kjellin  furnaces  depend  upon  the  heat- 
ing effect  of  an  electric  current  flowing  through  the  charge  itself. 

A  few  of  these  furnaces  will  now  be  shortly  described  with  the 
aid  of  diagramatic  illustrations.  More  detailed  information  can  be 
obtained  from  the  original  papers  to  which  references  are  given. 

The  Stassano  furnace  is  constructed  of  masonry  and  is  lined 
with  magnesite  bricks.  The  working  chamber  is  rectangular  and 
is  one  metre  square  and  one  metre  in  height  with  an  arched  roof 
or  lid. 

The  position  of  the  carbon  electrodes  and  the  charging  and  tap- 


TH^  STASSANO   FURNACE.* 

Pig.  1. 

ping  openings  is  clearly  shown  in  figure  1,  while  a  pipe  through  the 
lid  removes  the  carbon  monoxide  resulting  from  the  reaction. 

An  alternating  current  arc  is  maintained  between  the  carbons, 
which  can  be  drawn  apart  by  suitable  mechanism,  and  the  ore 
mixed  with  coal  or  charcoal  is  fed  in  at  the  side  of  the  furnace  and 
lies  below  the  arc.  The  ore  must  therefore  be  heated  by  conduc- 
tion and  radiation  from  the  intensely  hot  arc  which  occupies  the 
upper  part  of  the  furnace,  the  method  of  heating  being  like  that  in 
the  open  hearth  furnace. 

An  alternating  current  of  2,000  amperes  at  170  volts  is  used  in 


Electro  Cheinlcftl  Indostry,  vol.  I.  (MB),  p.  247. 


78    StmtsAcld  on  Elcctrotkermic  Production  of  Iron  and  Steel 

the  arc  which,  when  the   larnace    has    become    hot.  traverses    the 
whole  width  of  the  furnace  and  coDsumea  about  450  horse  power. 

While  the  uae  of  the  electric  arc  baa  certain  points  in  Its  favour 
it  aeeme  unllkel;  that  the  greatest  economy  can  be  obtained  In  ttiis 
way.  Thus,  for  example,  the  heat  can  only  penetrate  the  ore  by 
COD  duett  on  through  the  maas  and,  meanwhile,  heat  1b  being  lost  by 
conduction  through  the  upper  walls  of  the  furnace.  Also  the  ore 
is  not  pre-heated  before  entering  the  fusion  chamber,  and  the  waste 
gaaea,  by  passing  throug;h  the  arc  on  their  way  out.  tend  to  escape 
at  a  very  high  temperature,  and  so  to  waste  heat  which  might  have 
been  employed  In  pre-heatlng  the  ore  charge. 


THE  KEKOULT  FUHNACE.* 
Fig.  2. 

In  fact,  both  the  pre-heating  and  the  partial  reduction  of  the  ore 
might  be  effected  by  the  hot  carbon  monoxide  escaping  from  the 
furnace.  The  furnace  was  working  in  Italy  on  local  iron  ores  and 
produced  steel  directly  from  the  ores.  Dr.  Goldschmldt  concluded 
that  the  steel  would  cost  (18.80  per  metric  ton  and  that  the  process 
could  not  be  economically  introduced  Into  Germany. 

The  Heroult  furnace  Is  tike  a  tilting  open  hearth  furnace  and 
has  two  vertical  carlxin  electrodes  as  shown  in  figure  2.  The  current 
flows  from  one  of  these  Into  the  charge  of  ore  or  metal  to  be  melt- 
ed and  Iwck  on  to  the  other  carbon,  thus  producing  two  arcs  be- 
tween the  carbons  and  the  charge  which  is  also  heated  to  a  certain 
extent  by  the  passage  of  the  current  through  the  molten   slag  and 

The  furnace  was  used  at  first  for  the    direct    reduction  of  Iron 

•  KlMiroChemlc*!  iDdiuliT,  vol.  I.,  1SIB.  p.  H9. 
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orts,  but  has  been  found  to  be  more  suitable  for  tbe  production  of 
eteet  from  Ecr&p  aud  pig. 

Heroult  constructed  b.  400  H.P.  furnace  which  took  a  Charge  of 
three  tons  but  he  gives  no  details  as  to  the  current  employed. 

The  transmission  of  heat  from  tbe  arc  to  the  charge  wilt  prob- 
ablf  be  better  in  Ihls  furnace  than  In  tbe  Stassano  furnace,  but 
considerable  losses  of  heat  must  take  place  througb  the  boles  in  the 
roof  through  which  the  electrodes  enter. 

Tbe  Siemens  furnace  (flg,  3),  has  been  frequently  used  for  the 
reduction  of  metallic  oxides  and  for  melting  metals.       It  consists 


Fig.  8. 

ot  a  crucible  composed  wholly  or  in  part  of  carbon  which  is  con- 
nected to  one  of  the  leads,  while  a  carbon  electrode  which  dips  into 
the  crucible  Is  connected  to  the  other.  An  arc  Is  formed  between 
this  electrode  and  tbe  contents  of  the  crucible,  and  fresh  quantities 
of  the  ore  can  be  charged  In  from  above  until  the  crucible  is  full  of 
the  molten  metal  and  sla& 

The  Siemens  furnace  is  very  convenient  for  experimental  work 
on  the  reduction  of  difficultly  fusible  metats  such  as  chromium, 
tungsten,  titanium,  etc.,  and  A.  J.  Rossi  *  has  employed  It  on  a 
larger  scale  for  the  production  of  ferro-tltanlum  and  similar  alloys. 
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The  Keller  funiace  f  for  the  reduction  of  iron  ores  (flg.  4),  la 
of  the  resistance  type.  It  Is  Bimilar  In  constructJoa  to  an  iron 
blast  furnace,  except  that  the  crucible  of  the  Keller  furnace  Is 
larger  In  section  than  the  stack.  Four  carbon  electrodes  ai*e  in- 
serted vertically  Into  this  enlarged  crucible  and  dip  into  the  slag. 
The  current  Is  carried  by  the  fused  slag  and  metal  from  one  elec- 
trode to  another  and,  In  this  way,  the  charge  Is  heated.  The  gases 
resulting  from  the  reduction  of  the  oxides  In  the  ore  pass  up 
through  the  descending  column  and  give  up  their  heat  to  the  ore 
and  also  effect  the  reduction  of  a  part  of  the  Iron.  The  molten  Iron 
and  slag  are  tapped  out  at  Intervals  In  the  usual  manner. 

The  method  of  heating  adopted  In  this  furnace  Is  more  condu- 
cive to  economy  than  is  the  heating  by  electric  arc  as  In  the  Stas- 
sano  furnace. 


Fig.  i. 

The  Keller  furnace,  moreover,  Is  suited  to  continuous  Introduc- 
tion of  fresh  charges  of  ore  while  the  Staasano  furnace  Is  worked 
intermittently,  which  must  tend  to  a  waste  of  heat  Furnaces  of 
the  resistance  type  are  also  able  to  supply  heat  more  or  less  uni- 
formly through  a  large  mass  of  ore,  and  are,  therefore,  better  suited 
than  arc  furnaces  to  large  scale  operations.  In  the  Keller  furnace, 
however,  It  seems  probable  that  the  current  would  be  carried  from 
one  electrode  to  the  other,  largely  through  the  molten  iron  in  the 
crucible,  and  as  this  Is  a  relatively  good  conductor,  most  of  the  beat 
would  be  developed  In  the  molten  slag  immediately  surrounding 
each  electrode,  while  the  middle  of  the  furnace  would  tend  to  be 
cooler. 

In  the  manufacture  of  steel  an  Intermittent  method  of  smelting 
must  be  adopted  in  order  to  adjust  the  composition  of  the  steel, 
and  such  furnaces  as  the  Stassano  and  Heroult  would  appear  to  be 
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suited  to  this,  while  the  reduction  of  ore  would  be  best  effected  in 
the  Keller  or  similar  furnaces  in  which  continuous  smelting  and 
pre-heating  of  the  charge  is  provided  for. 

The  Harmet  furnace*  is  similar  in  construction  to  the  Keller 
furnace.  The  Keller  and  Harmet  furnaces  are  employed  to  pro- 
duce pig  iron  direct  from  the  ore,  and  the  pig  iron  is  then  tapped 
into  a  furnace  of  the  Heroult  type  and  converted  into  steel. 

The  KJellin  t  and  the  Gin  furnaces  %  are  remarkable  because 
in  them  the  heat  is  produced  by  the  passage  of  the  current  through 
the  molten  metal  itself,  instead  of  through  the  fused  slag  or 
through  the  air  above  the  charge. 

In  this  method  a  difficulty  arises  on  account  of  the  low  specific 
resistance  of  the  metal,  because  an  enormous  current  would  be  re- 
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Gin  iFvRNACE   (Sectional   plan). 
Fig.  5. 

quired  to  heat  up  a  bath  of  moderate  size.  Gin  endeavours  to  over- 
come this  difficulty  by  making  his  furnace  in  the  form  of  a  canal 
ce  (see  fig.  5),  which  is  folded  on  itself  and  contains  the  metal ;  the 
current  is  introduced  through  water  cooled  metallic  terminals  of 
large  section  tU 

It  is  intended  to  tap  the  steel  from  the  three  loops  of  the  canal 
simultaneously.  The  canal  is  formed  in  some  neutral  refractory 
material  like  chrome  iron  ore. 

The  numerous  difficulties  which  are  likely  to  occur  in  connection 
with  the  use  and  maintenance  of  such  a  furnace  are  too  obvious  to 
need  mentioning,  but  the  principle  employed  may,  perhaps,  be  devel- 
oped in  a  somewhat  different  form. 

The  KJellin  furnace  (see  flg.  6),  consists  of  a  circular  canal  cc, 
containing  the  metallic  charge  which  forms  the  secondary  wind- 
ing of  a  transformer  of  which  pp  is  the  primary  coil  and  aa  the 
iron  core.     In  this  manner  an  enormous  current  is  produced  in  the 


*  Elactro-Chemlcal  Indastry,  toI.  I.,  190%  p.  422. 
t  Electro-Chemloal  Indastry,  vol.  I.,  1908.  p.  576. 
t  EI«otro>Cheinfcal  Indaury,  vol.  II.,  1S0(,  p,  20. 
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molten  metal  without  the  necesBlty  for  &ny  termloalB  to  lead  In  the 
current  A  furnace  of  this  type  has  been  successfully  used  for  tho 
production  ot  steel,  but  the  shape  of  the  furnace  would  not  be  con- 
ducive to  the  production  of  steel  of  a  uniform  composition. 

The  KJellln  furnace  has  been  used  (or  the  production  ol  steel 
from  pig  and  scrap,  a  certain  amount  of  metal  being  left  In  the 
furnace  to  carry  the  current  in  the  early  stages  of  the  following 
charge,  but  it  molten  pig  Iron  were  employed,  this  would  be  unne- 
ceEsary. 


KjELLIIT   FCKNACK. 

Fig.  G. 

The  Oin  furnace  is  Intended  to  be  used  In  the  same  way,  but  Is 
stilt  In  the  experimental  stage. 

The  electric  furnace,  using  carbon  electrodes.  Is  especially  suited 
to  operations  of  a  reducing  character  as  the  electrodes  are  then 
protected  from  loss  by  oxidation.  In  the  production  of  steel,  how- 
ever, an  oildlBlng  slag  is  employed  to  remove  the  impurities  from 
the  pig  iron,  and  this  slag  would  tend  to  corrode  the  carbon  elec- 
trodes and  Itself  to  become  deoxidised,  and,  therefore,  unflt  to  re- 
fine the  Iron.  This  difficulty  is  met  In  the  Heroult  furnace  by 
keeping  the  electrodes  above  the  surface  of  the  aUg.  so  that  the 
current  passes  into  the  charge  by  means    of   an    arc.      In  the  Qtn 
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furnace  water  cooled  metal  electrodes  are  used  and   in   the  KJellin 
furnace  electrodes  are  dispensed  with  altogether. 

In  concluding  this  paper,  it  may  be  worth  while  to  consider  in 
what  way  the  electrothermic  production  of  iron  or  steel  will  be 
likely  to  be  of  use  In  Canada. 

The  production  of  crucible  steel  in  the  eleiftrlc  furnace  may  be 
considered  to  be  possible  both  technically  and  financially,  and  fur- 
naces might  be  installed  for  the  production  of  tool  steel,  which  at 
present  is  largely  imported,  the  electric  current  being  produced  by 
means  of  water  power  or  by  gas  engines  run  by  blast  furnace  gas. 

The  utilisation  of  titaniferous  iron  sands  is  a  problem  of  con- 
siderable importance.  These  sands  are  difficult  to  smelt,  partly  be- 
cause sandy  ores  are  difficult  to  treat  in  the  blast  furnace  and  partly 
on  account  of  the  titanium,  which  produces  a  very  infusible  slag. 

A.  T.  Rossi,*  of  New  York,  in  a  paper  already  referred  to,  fur- 
nishes evidence  to  show  that  the  difficulty  of  smelting  titaniferous 
ores  has  been  very  much  exaggerated. 

He  states  that  blast  furnaces  have  been  run  for  seven  years  in 
England  on  ores  containing  40%  of  titanic  acid,  and  that  iron  slags 
containing  over  30%  of  titanic  acid  have  been  found  to  be  perfectly 
satisfactory  in  an  experimental  blast  furnace  at  Buffalo. 

In  smelting  such  ores  in  the  blast  furnace  the  titanium  passes 
almost  entirely  into  the  slag,  the  iron  produced  carrying  not  more 
than  a  few  tenths  per  cent  of  titanium^  but  even  this  small  amount 
appears  to  decidedly  improve  the  quality  of  the  iron  for  certain 
purposes. 

In  the  electric  furnace  more  strongly  reducing  conditions  can  be 
obtained  than  in  the  blast  furnace  and  it  is  possible  to  smelt  a 
titaniferous  ore  so  as  to  obtain  a  rich  ferro-titanium,  the  titanium 
being  reduced  to  the  metallic  state  instead  of  remaining  as  oxide  in 
the  slag. 

Rossi  has  added  such  alloys  to  ordinary  cast  iron  and  finds  that 
the  addition  of  2%  or  3%  -of  a  10%  ferro-titanium  increases  the 
strength  of  cast  iron  about  20%  or  30%. 

In  the  absence  of  analyses  it  is  not  possible  to  say  whether  this 
increased  strength  is  due  to  the  addition  of  the  titanium  or,  for 
example,  to  some  difference  in  the  amount  or  condition  of  the  car- 
bon or  other  constituents  of  the  iron,  but  if  Mr.  Rossi's  conclusions 
are  sustained  it  would  appear  probable  that  the  electric  smelting  of 
titaniferous  ores  for  the  production  of  ferro-titanium  may  be  com- 
mercially possible  on  a  moderate  scale. 

The  electrical  smelting  of  these  ores  for  ordinary  pig  iron  ha? 
not,  I  believe,  been    attempted,    and    even  if  it  were  technically 


*  Trans.  Am.  Inst.  HIn.  Rng.,  vol.  XXXIII.,  UW3,  p.  179. 
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^uccessfal  it  would  be  difficult  to  produce  the  iron  sufficiently 
cheaply  to  compete  with  blast  furnace  iron. 

Dr.  Stansfleld's  paper  was  Illustrated  by  lantern  slides  of  the 
electric  furnaces  referred  to  and  was  followed  by  a  demonstration 
of  the  melting  of  metals  in  a  Siemens  furnace  and  a  Moissan 
furnace;  the  last  naUied  being  similar  in  construction  to  the  Stas- 
sano  furnace,  and  being  furnished  with  a  lens  and  mirror,  by 
means  of  which  a  picture  of  the  inside  of  the  furnace  waa  pro- 
jected upon  a  screen  so  that  the  audience  was  able  to  watch  the 
metals  melting  down  in  the  intense  heat  of  the  electric  arc. 

In  the  Moissan  furnace  direct  currents  are  usually  employed, 
and  the  electric  arc  is  forced  down  upon  the  metals  to  be  melted 
by  the  influence  of  an  electro-magnet  placed  near  the  furnace. 
The  principle  of  the  resistance  type  of  electric  furnace  was  de- 
monstrated by  means  of  a  pencil  of  carbon,  about  6  inches  long 
and  ^  inch  diameter,  which  was  raised  to  a  dazzling  white  heat 
by  the  passage  of  the  current. 


Electrical  Section. 

A  meeting  wss  held  Thursday,  Feb.  18,  1904,  Dr.  R.  B.  Owens  la 
the  chair.    The  following  paper  was  read: — 

PAPKR  No^  208 

METHODS  OF  CAIXJULATING  STORAGE  BATTERY 

INSTALLATIONS. 

By  W.  E.  WiNSHip,  Ph.D. 

It  is  not  the  purpose  of  the  present  paper  to  take  up  in  detail 
all  the  points  which  come  up  In  the  calculation  of  a  storage  battery 
installation  ;  we  shall  confine  ourselves  more  particularly  to  the- 
determination  of  the  proper  size  of  a  battery,  both  as  to  capacity 
and  number  of  cells,  under  specified  conditions. 

The  question  of  the  chemical  behaviour  of  the  lead  storage  bat- 
tery, which  is  practically  the  only  form  which  is  commercially 
used  for  work  of  any  magnitude,  is  of  importance  principally  to  the 
student  and  the  manufacturer.  The  theory  of  the  lead  accumulator 
can  hardly  be  said  to  be  in  satisfactory  shape,  as  it  is  by  no  means 
determined  exactly  what  chemical  reactions  take  place  on  either 
charge  or  discharge.  This  state  of  affairs  Is  remarkable  for  an 
electrical  appliance  which  has  been  so  long  known  and  practically 
used,  and,  while  it  would  certainly  be  desirable  to  have  a  complete 
understanding  of  all  the  phenomena  which  take  place,  the  difficul- 
ties of  analysis  of  the  lead  compounds  under  the  conditions  existing: 
in  use  and  the  state  of  development  of  the  theory  of  e!e2trc-ohe- 
mistry  make  it  improbable  that  we  can  expect  such  a  theory  in  the 
near  future.  We  do  know,  however,  the  physical  properties  of 
storage  batteries  sufficiently  well  to  enable  us  to  calculate  them  for 
practical  purposes. 

The  batteries  in  general  use  in  America  are  the  **  Chloride  "  and 
"  Gould."  The  "  Willard  "  battery  has  also  found  some  applica- 
tion, and  there  are  several  which  are  now  appearing  on  the  market 
which  are  more  or  less  like  the  "Tudor"  battery  of  Germany. 
These  types  are  too  well  known  to  require  a  detailed  description, 
and  the  curves  given  below  will  apply  to  all  of  them  to  a  greater 
or  leas  degree.  We  may,  however,  distinguish  between  those  in 
which  the  plates  have  an  extremely  large  surface  exposed  to  the 
acid  solution  and  those  where  the  exposed  surface  is  relatively 
small ;  the  capacity  and  efficiency  in  the  former  case  is  materially 
grea'er  at  high  rates  of  dis  harge  than  with  the  latter. 

The  capacity  of  a  storage  battery  in  ampere  hours  depends  on 
the  rate  of  discharge,  and  is  usually  assumed  as  100%  at  the  8  hour,. 
87^%  at  the  5  hour,  75%  at  the  3  hour  and  50%  at  the  1  hour  rate 
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of  discharge.  With  the  large  surface  plates,  batteries  usually  are 
rated  very  conservatively  at  the  1  hour  rate  and  have  very  little 
excess  capacity  at  the  8  hour  rate  of  discharge,  while  with  the 
other  types  the  reverse  is  true. 
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Fig.      I. 

In    Fig.  1    are  shown  the  variations  of  potential    difference  on 
continuous  discharge  and  charge  as  a  function  of  the  time.      These 
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curves,  and  also  those  below,  are  reduced  to  a  unit  basis,  and  are 
for  a  cell  which  has  a  capacity  of  one  ampere  for  eight  hours  or 
four  amperes  for  one  hour.  By  multiplying  "  amperes "  in  these 
curves  by  the  *ratio  of  the  capacity  of  a  cell  in  ampere 
hours  at  the  eight  hour  rate  of  discharge,  divided  by  eight,  these 
curves  apply  to  various  sizes  of  the  same  type.    The  point  where 

discharge  is  cut  off  is  somewhat  arbitrary,  but  is  fixed  by  the  con- 
sideration that  if  the  E.M.P.  drops  off  beyond  a  certain  limit  the 
efficiency  of  the  battery  becomes  too  low.  It  should  be  noticed  that 
by  saying  the  capacity  of  a  battery  is  only  50%  of  that  at  the  eight- 
hour  rate  of  discharge  when  it  is  discharged  in  one  hour,  we  do 
not  mean  that  we  must  charge  twice  as  many  ampere  hours  as  are 
taken  out  on  discharge,  but  rather,  if  more  than  50%  of  the  capa- 
city of  the  battery  in  ampere  hours  at  the  eight-hour  rate  is  taken 
out  in  one  hour,  the  B.M.F.  would  fall  too  low  for  the  battery  to 
continue  to  show  a  good  efficiency.  In  charging  we  have  to  furnish 
only  very  little  more  than  is  taken  out,  as  the  ampere  hour  efficien- 
cy of  a  storage  battery  is  extremely  good,  being  95%  to  98%,  pro- 
vided the  charge  does  not  occur  at  too  high  a  rate. 

The  net  efficiency  (watt  hour  output  -^  watt  hour  input)  of 
stationary  types  of  commercial  batteries,  over  a  complete  cycle  of 
continuous  charge  or  discharge,  of  long  duration,  is  not  much  more 
than  87%  at  the  best,  and  ordinary  commercial  results  where  the 
discharge  rate  is  high  are  from  70%  to  75%.  If  the  battery  is 
called  on  to  cover  short  cycles  of  charge  and  discharge,  as  is  often 
the  case  In  railway  and  similar  Installations,  where  the  fluctuations 
are  short  but  violent,  and  the  battery  discharges  and  charges  the 
difterence  between  the  instantaneous  and  average  loads,  the  effi- 
ciency is  much  higher.  It  may  be  very  approximately  90%,  and 
tests  over  a  year's  time  under  operating  conditions  have  shown  as 
high  as  S5%. 

In  storage  battery  problems  it  is  usual  to  distinguish  between 
two  classes  of  work  they  are  called  on  to  do  :  (a)  discharges  to 
cover  what  may  be  called  long  peaks,  as  distinguished  from  sudden 
variations,  or  fluctuations,  the  battery  being  charged  when  the  ex- 
ternal demand  is  light  and  thus  equalizing  the  load  on  the  generat- 
ing units  so  as  to  increase  their  load  factor  ;  (b)  causing  the  bat- 
tery to  charge  and  discharge  according  to  the  external  load  to  ab- 
sorb the  instantaneous  fluctuations  and  reduce  the  generator  load 
to  the  average,  or  in  some  cases,  a  combination  of  these  two.  The 
calculation  of  an  installation  in  these  two  cases  is  quite  different. 

In  determining  the  size  of  a  storage  battery,  a  prominent  con- 
sideration is  the  maximum  rate  at  which  it  may  be  economically 
worked  as  this  determines  to  a  certain  extent  the  amount  of  its 
'depreciation  with  time.      This  depreciation  may  be  roughly  separ- 


88  Winship  on  Methods  of 

ated  into  two  factors  :  one  which  is  dependent  on  time  and  inde- 
pendent of  the  amount  of  work  which  the  battery  does,  and  one 

which  yaries  with  this  work.  In  Europe  it  has  been  the  practice 
to  install  much  larger  batteries  than  with  us  in  America,  and  there 
is  considerable  to  said  in  favour   of   the   larger    installation;    its 

efficiency  is  somewhat  better,  and  the  emergency  value  of  a  battery, 
a  very  important  consideration,  is  in  proportion  to  its  capacity.  In 
America  batteries  cost  materially  more,  however,  and  a  considera- 
tion of  interest  and  depreciation  point  to  the  smaller  plant  It 
may  be  stated  that  American  practice,  as  a  result  of  experience,  is 
to  work  a  battery  at  the  hour  rate  on  fluctuations  which  occur  fre- 
quently, while  infrequent  heavy  peaks  may  be  covered  at  double 
this  rate.  In  general  the  size  of  a  battery  will  be  determined  by 
two  considerations :  What  is  the  minimum  discharge  capacity 
which  will  safely  do  the  work  demanded,  and  what  importance  at- 
taches to  the  value  of  the  battery  as  an  emergency  factor  ?  In 
most  cases  this  latter  consideration  is  a  very  important  one,  eince 
with  railway  or  lighting  corporations  the  reliability  of  service 
which  a  battery  offers  is  of  prime  importance.  In  any  practioal 
problem  the  peculiar  conditions  will  govern  very  largely  the  deter- 
mination of  the  installation. 

It  has  been  pointed  out  that  the  capacity  of  ar  battery  values 
with  the  discharge  rate.  The  load  on  a  generating  station  is  seldom 
steady  and  if  we  wish  to  cover  a  peak  by  a  battery  discharge,  the 
rate  of  this  discharge  will,  in  general,  vary  continuously.  We  must 
then  be  able  to  determine  the  requisite  capacity  of  a  battery  to 
cover  such  a  peak. 

In  Pig.  2  the  curve  Y  represents  the  ampere  hour  capacity  of  a 
•  unit  cell  at  various  rates  of  discharge.  The  curve  Y'  represents  the 
current  which  would  discharge  the  battery  in  the  time  T  ;  X  and 
X'  are  the  corresponding  curves  for  what  may  be  termed  an  ideal 
battery,  that  is,  one  whose  capacity  does  not  vary  with  the  dis- 
charge rate.    We  shall  use  these  curves  in  the  determination  of 

THE  CAPACITY  OF  A  BATTEBY  TO  COVER  A  PEAK. 

Lfet  us  suppose  that  it  is  required  to  know  what  capacity  a  bat> 
tery  should  have  to  cover  a  peak  as  shown  in  Fig.  3.  For  our  pur- 
poses this  peak  may  be  reduced  to  the  figure  ABCD  as  its  approxi- 
mate equivalent,  or  again  to  ABG-HBCHF,  where  BG  is  parallel  to 
CD  and  BF,EG  and  CH  are  perpendicular  to  AD. 

The  curve  X'  is  represented  by  the  equation: — 

(1)  i'  =  X/t. 

It  may  be  shown  that  the  curve  Y'  will  be  very  closely  approximat- 
ed throughout  the  range  of  practical  application  by  the  equation 

(2)  i-b  =  K  /(t-a) 
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ihere  ar=— 3/4,  b=  X/32  and  K  =  X.  105/128.  We  may  translate 
liie  aciual  discharge  Into  that  of  en  Ideal  battery  (having  a  con- 
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^3)   r  =  x 


K  +  a(i-b) 


We  have  actual  ampere  hours  =/"   idt 


-/o 


^T 


Equivalent  ampere  hours  (at  elght-houT  rate)  =X  =y  ^  »'dt. 

Separating  now  the  peak  represented  in  Fig.  3  Into  the  parts 
AEG  and  BCHF,  we  may  represent  the  currents  of  these  two  fig- 
ures by  1  =  k  ,  t  and  i  =  k  respectively,  where  k  and  k  are  con- 
stants whose  determination  is  obviors.      We  shall  have  then  the 


£  C 


total  capacity  of  the  required  battery  at  the  eight-hour  rate  as 

X  =  X    +  X 
where  X    and  X    correspond  to  the  figures  A  E  G  and  B  C  H  F  re- 

rT,       k^  t-b 
spectively.     We  haveXi^;/    q  ^r  K,+a|  (kjt-b)  dt,   or    from  this 

ak,  (a-T,)  K,-ab 

(4) ■-'-  lo^-;- 


Ki 


K,+a(k,Tj-b) 


Similarly  we  obtain 

X 


r^^     x,(k,-h)  ^^ 

'      -/q     K,  +  a    ■ 


a (k.  -  b) 

(5)      K..  -  (k_, -b)(T.  -a) 

It  is  unnecessary  to  work  out  analytically  the  determination  of 
X^,  since  we  can  immediately  determine  the  requisite  capacity  from 
the  curves  (Fig.  2.)  It  will,  however,  be  interesting  to  check  this 
calculation  by  an  example. 

Assume  that  a  battery  is  required  to  furnish  1600  amperes  for 
three  hours.     Inserting  these  values  in  (5)  we  determine  X    =  6400 
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ampere  hours,  as  the  eight  hour  rating;  which  result  is  im- 
mediately checked  by  referring  to  the  curves  (Fig.  2). 

The  determination  of  X    from  (4)  is  too  complicated  to  attempt 
directly,  but  it  may  be  readily  accomplished  as  follows  : — 
Plot  the  curres  : 

^ak^(a~T,) 
^»  K^ 

y,=log K,-ab_ 

*K,  +a(k,Ti-b) 

in  the  neighborhood  of  X  =:  X  and  the  value  for  which  these  two 
curves  Intersect  will  be  the  capacity  of  the  battery  required  in 
ampere  hours  at  the  eight-  hour  rate. 

The  question  of  determining  the  number  of  cells,  the  number 
of  end  cells,  etc.,  may  be  passed  over ;  we  have  simply  to  divide  the 
desired  E.M.F.  by  the  highest  and  lowest  E.M.F.'s  per  cell  which  will 
occur  on  charge  and  discharge.  The  smaller  number  of  cells  will 
form  the  main  part  of  the  battery  and  the  difTerence  between  the 
greater  and  smaller  values  will  be  the  number  of  end  cells. 

We  consider  next  the 

DETEBMI5ATION    OP    A    BATTEBY    ON    A    FLUCTUATING    LOAD. 

Necessarily,  on  discharge  the  E.M.F.  of  a  batte^ry  falls  and  on 
charge  rises  ;  if,  then,  the  battery  simply  floats,  i.e.,  is  directly 
connected  into  the  system,  either  the  E.M.F.  of  the  system  must 

decrease  with  Increasing  load,  if  the  battery  is  to  discharge,  or  if 
the  pressure  of  the  system  is  constant,  the  difference  between  the 
battery  and  line  pressures  must  be  made  up  in  some  way.  In  the 
latter  case  this  is  accomplished  by  means  of  a  differential  booster, 
which  automatically  adds  to  or  substracts  from  the  E.M.F.  of  the 
system  an  amount  which  will  allow  the  battery  to  operate  in  a  pre- 
determined way.  Usually  such  fluctuations  are  of  short  duration, 
charge  succeeding  discharge,  and  in  order  to  determine  what  the 
battery  will  do,  we  must  know  its  characteristics  on  short  cycles 
of  charge  and  discharge,  i.e.,  how  the  E.M.F.    varies    on    charges 

aid  discharges  of  various  intensities  and  durations.  This  variation 
^8  a  function  of  both  time  and  current  and  graphically  must  be  re- 
presented by  a  group  or  *'  family "  of  curves.  Fig.  (4;  represents 
such  characteristic  curves  for  cells  having  plates  of  large  super- 
ficial area. 

Plotting  the  generator  characteristic  and  preferably  superposing 
that  of  the  Battery  (which  is  that  of  a  single  cell  multiplied  by  the 
number  of  cells)  we  determine  what  the  battery  charge  and  dis- 
charge will  be  on  peaks  of  different  amounts  and  duration.  Or,  if 
the  pressure  is  to  be  kept  constant,  we  see  what  a  booster  must  fur- 
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nish  on  a  definite  peak.  It  appears  at  once  that  it  is  of  greatest 
importance  that  the  cell  characteristics  (Fig.  4)  should  be  as  flat 
as  possible,  for  it  means  not  only  that  the  battery  itself  will  be 
more  efficient,  but  also  that  if  the  battery  is  to  "  float "  the  pressure 
variations  on  the  system  will  be  less  ;  if  a  booster  is  used  the 
energy  which  must  be  supplied  by  the  booster  is  less,  and  as,  at 
best,  the  average  efficiency  of  a  booster  on  varying  loads  is  poor,  a 
flat  battery  characteristic  is  of  great  importance.  These  curves 
show  quite  a  variation  for  different  types  of  cells  ;  they  are  flatter, 
in  general,  especially  on  high  discharge  rates,  for  plates  of  large 
superflclal  area. 

Usually  currents  are  of  less  intensity  on  charge  than  on  dis- 
charge when  a  battery  is  equalizing  a  load,  and  this  fact  and  its  in- 
fluence on  the  pressure  variations  should  be  taken  into  considera- 
tion. For  a  battery  without  a  booster  we  would  determine  the 
number  of  cells  by  dividing  the  average  E.M.F.  by  2.07  to  2.10,  if 
the  above  curves  apply  (according  to  the  amount  of  excess  charge 
it  is  necessary  to  allow  for)  and  then  from  a  load  curve  either 
actual  or  estimated,  determine  the  maximum  and  minimum  E.M.F. 
necessary  to  have  the  battery  operate  to  within  a  deflnite  rate. 

In  the  case  where  the  pressure  of  the  system  is  constant  and  a 
booster  is  to  be  used,  we  determine  from  the  battery  character itlcs, 
(Fig.  4)  and  an  estimated  load  curve,  what  E.M.F.  will  be  required 

to  discharge  the  battery  at  the  rate  necessary  to  cover  the  peaks. 
These  mach!ne3  are"  usually  motor  driven  and  it  is,  therefore,  neces- 
sary to  add  to  the  load  curve  the  currents  which  will  be  demanded 
to  operate  the  motor.  Booster  generators  for  batteries  to  cover 
fluctuating  loads  must  be  automatic;  they  are  controlled  by  auto- 
matically regulating  the  booster  field  or  its  resultant  by  various 
methods.  If  the  booster  E.M.F.  varies  in  accordance  with  the 
generator  load  it  is  sufficient  to  see  that  this  latter  does  not  vary 
beyond  a  prescribed  amount  when  the  external  load  is  a  maximum: 
the  regulation  will  then  be  closer  on  lesser  variations.  Provision 
must  also  be  made  to  occasionally  overcharge  the  battery. 

An  extremely  interesting  application  of  storage  batter'es  in  e'ec- 
tric  railway  work  Js  their  installation  at  points  distant  from  a 
generating  station  for  the  purpose  of  maintaining  the  line  pressure. 
They  are  usually  termed  *'  line  "  or  "  floating "  battfries,  and  are 
an  almost  perfect  analogy  to  a  stand  pipe  on  a  long  pipe  line,  fur- 
nishing a  variable  demand.  Line  batteries  may  be  simply  tied 
across  the  feeder  and  rail  or  may  be  fed  over  separate  "  boosted  *' 
feeders.  In  the  latter  case,  if  the  section  operated  on  the  battery 
is  insulated  by  a  breaker  from  that  operated  directly  on  the  feed- 
ers from  the  station,  the  calculation  of  the  installation  is  very 
simple.    The    number  of  cells  will  be  the  average    pressure    it   I» 
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desired  to  maintain,  divided  b;  tbe  average  pressure  per  cell;  this 
latter  value  la  approximately  2.QS  volta,  but  varies  somewbat,  de- 
pending on  the  state  of  charge  at  which  the  tnttery  shall  "  float." 
We  must  then  furnish  the  average  current  demanded  on  the  bat- 
tery section  over  the  separate  leeders,  and  the  amount  of  boost  will 
be  tbiB  current  multiplied  by  the  resistance  of  the  circuit,  taking 
Into  account  the  difference  between  the  E.H.F.'s  of  the  power  house 
and  battery  and  also  tbe  rail  drop  due  to  cars  on  the  other  section 


r  .  g.     -^. 

ot  the  line.    Tbe  size  of  the  battery  Is  determined  by  tbe  difference 
between  tbe  maximum  and  average  demands. 

If  a  battery  Is  simply  floated  across  tbe  feeders  and  rail,  the  c.\\- 
culatton  Is  not  quite  so  obvious  and  we  shalt  consider  this  case 
somewhat  more  In  detail.  We  assume  that  there  are  a  number  of 
cars  on  the  line  and  designate  the  dletances  of  these  cars,  In  ohms, 
from  the  power  house  and  from  the  proposed  battery  location 
(which  we  shall  call  respectively  stations  I  and  II)  by  r  .  r  ,  r 
r  ■    a  ,  s^,  8  , e    respectively;  where  r    +  a     ^  R,  the  re- 
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slstance  between  stations  I  and  II;  let  V    and  V    be  the  potential 
of  the  stations  I  and  II,  I    and  I     the   loads  on  these  stations   in 

amperes  and  i  ,  i  ,  1    i   ,  be  the  currents  of  the  various  cars, 

then  it  may  be  easily  shown  that 

,    _  Ssi  +  (V,   -  V,) 
I, 

(7)       I,  =  ?!iz_(Xi_-  Yl) 


It  is  possible  to  Interpret  these  equations  very  simply  in  a  geo- 
metrical diagram. 

In  the  figure  CGr  represents  I,  the  total  current ;  GH  is  the  re- 
siBUnce  R;  AC  =  MN  =  KJ  =  (V,  —  V2 )  /R  =  current  which  would 
flow  from  Station  I.  to  Station  II.  with  no  load  on  the  line.  The 
point  J  thus  corresponds  to  the  center  of  gravity  of  the  loads.    Wb 

have  then  LN  =  I ,  and  Kb  =  I  . 

1  2 

We  may  draw  this  diagram  for  either  instantaneous  or  average 
running  currents.  In  the  latter  case,  the  line  LK  denotes  the 
average  net  discharge  of  the  battery. 
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Floating  batteries  are  quite  often  installed,  so  that  over  a  com- 
plete cycle  of  the  car  schedule  they  experience  neither  a  net  charge 
nor  discharge,  excepting  a  certain  amount  necessary  to  make  up  the 
internal  loss  of  the  battery.  In  order  for  a  batlery  to  operate  In 
this  way  all  of  the  conditions  cf  operat'on,  including  schedu'e,  sta- 
tion pressure,  feeder,  etc.,  are  fixed,  and  if  any  of  these  conditions 
are  departed  from,  the  batte'ry  will  either  charge  or  discharge.  It 
is  obviously  possible  with  a  regular  dally  schedule,  which  may, 
however,  vary  from  time  to  time  during  the  day,  so  to  install  a  bat- 
tery that  the  net  charg3   during    the   lighter   hours   will    equal   or 
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slightly  exceed  the  net  discharge.  This  may  be  done  by  ke?pins 
the  power  house  at  approximately  a  constant  average  pressi  ra  with 
a  varying  schedule,  provided  the  battery  has  the  proper  number  of 
cells:  if.  however,  the  net  discharge  over  any  maximum  period 
exceeds  the  ampere-hour  capacity  of  the  bat'ery,  it  will  b3  ne-?e3B- 
ary  either  to  vary  the  pressure  at  the  power-house  or  vary  the 
numbiir  of  calls  of  the  battery  with  varying  Echedul?^  ronditiois. 

In  this  connection  it  is  proper  to  note  that  the  rapacity  of  the 
battery  should  be  reckoned  approxima'ely  at  the  rata  corresponding 
to  the  duration  of  all  the  net  discharges,  and  not  at  the  rates  at 
which  the  separate  discharges  occur.  This  is  due  to  the  recovery 
element  of  a  battery  ;  that  is,  if  a  battery  is  discharged  at  a  high 
rate  for  a  shprt  time  and  then  allowed  to  recover,  and  the  same 
cycle  is  repeated  a  number  of  times,  then  the  ampere-hour  capacity 
of  the  battery  on  this  work  very  nearly  approximates  the  capacity 
at  the  rate  corresponding  to  the  total  time  elapsing. 

Quito  usually  the  conditions  of  operation  are  that  in  early 
morning  and  late  at  night  the  £chedu!e  Is  less  frequent  than  during 
the  major  part  of  the  day;  during  this  latter  time  the  loads  vary  at 
different  times.  Generally  the  calculation  of  a  battery  tor  this  sort 
of  schedule  would  be  based  on  the  determination  of  an  average  run- 
ning current  per  car  under  different  conditions.  These  values  wou'd 
be  most  suitably  determined  from  station  wattmeter  readings. 
dividing  by  the  pressure  of  the  station,  time  elapsing  between  read- 
ings, and  the  number  of  cars.  The  battery  should  then  be  so  cal- 
culated that  it  receives  a  net  charge  during  the  early  morning  and 
late  at  night,  floating  during  the  greater  part  of  the  day  and  dis- 
charging during  the  maximum  hours.  The  net  charge  should 
slightly  exceed  the  net  discharge  to  make  up  for  the  inefficiency  of 
the  battery. 

With  reference  to  the  formulas  (6)  and  (7)  and  the'r  geometrical 
Interpretation  in  the  diagram  (Fig.  5),  it  is  obvious  that  if  we  base 
our  calculations  on  the  number  of  cars  distributed  on  the  line,  each 
taking  the  average  current  per  car,  then  a  battery  installed  at  the 
point  II,  of  average  voltage  V  ,  so  determined  that  (V  — V  )/R=JK 

(that  Is,  so  that  K  coincides  with  L),  will  n3ither  experience  a  net 
'average  charge  nor  discharge  over  an  interval  corresponding  to  a 
complete  cycle  in  car  schedule.  If  during  any  instant  the  current 
demand  of  the  cars  departs  from  the  average  values  then  the  bat- 
tery win  charge  or  discharge  according  to  the  variation  of  these 
currents.  It  will  be  noticed  that  tie  center  of  gravity  osciJites  in 
general  between  certain  limits  even  if  we  assume  that  the  cars  all 
take  a  constant  average  current.  In  any  particular  case  it  will  ap- 
pear, whether  it  suffices  to  take  the  point  J  as  the  average  of  the 
centers  of  gravity,  or,  if  it  will  be  necessary  to  take  several  differ- 
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eat  positions,  according  to  the  number  of  cars  on  the  sect'oos  I.  to 
II.  In  case  the  number  of  cars  yaries  from  time  to  time  it  is  con- 
venient to  calculate  separately  the  components  of  the  battery  dis- 
charge and  obtain  the  mean.-  In  the  calculations  all  cars  beyond 
the  battery  are  to  be  considered  as  concentrated  at  Station  II. 

The  problem  of  determining  a  floating  battery  may  take  either 
one  of  these  forms  : 

(a)  What  is  the  average  pressure  which  will  exist  at  the  battery 
if  it  is  to  experience  neither  a  net  charge  or  discharge  and  the  car 
schedule,  station  potential  and  line  are  definite  ?  This  condition 
is  expressed  in  the  diagram  by  KL  =  0,  that  is,  (V,  —  \\)  =  2ri. 

(b)  How  much  copper  is  necessary  to  give  a  definite  average 
pressure  at  the  battery  with  a  definite  car  schedule,  the  tattery  to 
be  maintained  at  a  constant  average  state  of  charge  ?  The  diagram 
gives  for  this  condition  KL  =  0,  that  is  JK=:  JL  =  iV,  —  V2)  /  R 
and,  therefore,  R  is  determined. 

(c)  With  definite  car  schedule,  E.M.F.'s  and  line,  what  will  be 
the  net  charge  or  discharge  of  a  battery  ?  This  we  obtain  from  the 
diagram  and  have  KL  =  JL  —  JK,  the  discharge. 

It  has  been  objected,  that  in  the  application  of  this  method,  no 
account  has  been  taken  of  the  variation  of  the  E.M.F.  of  the  bat- 
tery on  charge  and  discharge.  If  the  battery  is  to  "float"  it  is  ob- 
viously unnecessary  to  do  so  as  these  variations  are  approximately 
linear  functions  of  the  amount  and  duration  of  the  charge  and  dis- 
charge, and  since  these  amounts  are  equal  no  appreciable  error  is 
made  in  assuming  the  battery  E.M.F.  as  its  average.  In  any  event 
the  method  gives  a  close  approximation  and  results  obtained 
through  its  application  are  correct  to  within  one  or  two  per  cent 
To  attempt  to  introduce  this  pressure  variation  in  the  calculations 
would  involve  an  enormous  amount  of  work  and  would  be  practi- 
cally iwptssible  since  both  the  magnitude  and  duration  of  the  cur- 
rent discharges  from  the  battery  would  have  to  be  taken  into 
account. 

Batteries  are  sometimes  installed  where  in  addition  to  floating 
on  the  line,  they  receive  a  charge  component  over  a  boosted  feeder. 
The  consideration  of  this  case  would  be  simply  an  extension  of  the 
Atovo  method. 

We  shall  not,  however,  carry  it  out  as  the  scope  of  the  present 
paper  is  more  to  indicate  methods  of  calculation  in  different  cases 
than  to  treat  any  one  application  exhaustively,  which  object  the 
writer  trusts  has  been  accomplished. 


Mixing  Section. 

President — G.  H.  DrccAy. 
Vice-President — J.  B.  Porteb. 

At  the  meeting  of  the  Section,  held  on  Thursday,  Feb.  25,  Dr. 
J.  B.  Porter  in  the  chair,  papers  were  read  as  follows: — 

PAPKR  No.  204 

METHODS  OF  MINING  AND  TIMBERING  IN  LARGE  ORE 
BODIES  IN  BRITISH  COLUMBIA  AND  MICHIGAN. 

By  Norman  W.  Parlee.  S.  Can.   Soc.  C.  E. 

The  method  of  mining  to  be  adopted  in  any  particular  mine  de- 
pends upon  a  number  of  important  considerations.  Among  these 
may  be  mentioned  the  size  and  attitude  of  the  ore  body  or  deposit, 
the  hardness  and  rigidity  of  the  ore  and  adjacent  rock,  the  quantity 
and  quality  of  timber  available  and  its  cost,  the  price  of  labour,  and 
the  value  of  the  product  to  be  mined.  Generally  speaking,  if  a  nar- 
row vein  is  to  be  worked,  stuU  timbers  are  used,  the  limit  being  a 
width  of  about  15'.  As  the  vein  widens  beyond  this,  stalls  are  out 
of  the  question,  and  another  system  must  be  adopted.  The  method 
then  employed  may  be  the  square  sett  system,  or  a  filling  method, 
except  in  case  of  soft  ore,  when  a  caving  system  may  be  followed. 
There  are  a  great  many  modifications  of  all  these  systems  to  suit 
circumstances  and  conditions,  and  it  is  the  intention  in  this  paper 
to  describe  and  discuss  them  as  carried  out  in  those  mines  in  which 
the  writer  has  worked,  and  in  which  he  has  become  more  or  less 
familiar  with  the  methods  in  successful  operation. 

The  names  of  the  mines  treated,  and  location,  are  as  follows:  — 

Le  Rol  Mine Rossland,  B.C. 

Old  Ironsides Phoenix,  B.C. 

Baltic  Mine Baltic,  Mich. 

Atlantic  Mine Atlantic,  Mich. 

Barnum   Mine Ishpeming,   Mich. 

Section  16 Ishpeming,  Mich. 

Soft  Ore  Hematite Ishpeming,  Mich. 

Queen  Mine Negaunee,  Mich. 

In  nearly  all  these  mines  the  methods  used  apply  principally  to 
mass  mining  in  large  bodies  of  ore.      The  one  exception  is  the  At- 
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lantic  Mine,  which  has  a  narrow  deposit,  and  is  mined   entirely   by 
the  old  fashioned  stull  method. 

Le  Roi  Mine,  Rossland,  B.C. 

In  this  mine  there  are  one  or  more  veins  or  ore  chutes  of  varying 
width  and  carrying  the  minerals  pyrrhotlte,  chalcopyrite,  and  Iron 
pyrites,  and  mixed  with  these  more  or  less  disseminated  gold.  It  is 
the  gold,  however,  that  affords  the  principal  value  of  the  ore,  and 
without  it  there  would  be  no  Rossland.  The  vein  is  of  a  pockety 
nature  and  some  of  the  pockets  are  of  very  large  size.  The  dip  is 
about  70°,  and  an  incline  shaft  was  sunk  at  about  this  slope.  As 
depth  was  attained  it  was  found  that  the  vein  pitched  a  little  steeper, 
and  the  shaft  was  given  a  steeper  pitch  also,  thus  forming  what  is 
called  a  "knuckle"  in  the  shaft.  This  knuckle  afterwards  became  a 
source  of  considerable  trouble,  because,  at  high  speeds,  the  skip  was 
liable  to  leave  the  track. 

At  intervals  of  100'  drifts  were  run  on  the  lead,  and  the  deposits 
thus  opened  up.  The  first  shaft  had  three  compartments  timbered 
with  the  ordinary  square  shaft  setts.  Sinking  was  carried  on  with 
three  shifts  of  miners  working  eight  hours  each,  and  the  rock  broken 
was  hoisted  to  the  level  above  with  a  bucket  and  air  hoist  As  the 
shaft  became  deeper  the  ore  and  rock  were  hoisted  by  skips,  run  on 
the  balanced  principle.  A  pentice  of  about  15'  of  rock  was  always 
left  in  the  shaft  at  each  level,  and  served  as  a  protection  to  the  shaft 
men  working  below.  It  was  located  under  the  two  hoisting  com- 
partments, and  connection  was  made  below  by  a  passage  at  the  side. 
Each  drift  was  usually  excavated  before  being  timbered. 

At  each  level,  drifts  were  run  on  the  vein  in  the  ordinary  manner, 
dimensions  being  6'  x  9'.  In  the  earlier  workings  the  tracks  were 
laid  very  poorly,  and  were  often  the  cause  of  a  great  deal  of  trouble 
and  delay,  when  a  large  output  was  desired.  But  as  time  passed 
improvements  in  this,  and  many  other  respects,  were  inaugurated, 
and  the  tracks  were  laid  to  a  grade  of  from  7"  to  10"  per  100'.  Track- 
laying  is  a  very  important  matter  in  the  economy  of  a  mine,  and  a 
good  track  will  always  pay  for  itself  many  times  over.  The  tracks 
should  not  only  be  good,  but  there  should  be  plenty  of  them,  and 
placed  so  that  they  will  be  close  to  the  rock  to  be  removed.  In  drifts 
moveable  lengths  of  8'  or  10'  should  be  used.  This  saves  shovelling 
to  a  long  distance  by  placing  them  in  position  as  soon  as  there  is 
room,  and  enables  the  mucker  to  work  to  advantage,  until  there  is 
sufficient  space  for  the  ordinary  16'  or  20'  rails.  The  rails  are  laid 
on  4"  X  6"  ties,  3'  in  length,  and  placed  abDut  4'  apart,  the  rails 
weighing  16  and  20  lbs.  to  the  yard.  The  waste  rock  encountered  - 
in  development  was  trammed  to  the  shaft  and  sent  to  the  surface, 
though  now  most  of  it  is  filled  into  the  stopes  of  the  upper  levels. 
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When  the  miners  began  to  stope  on  any  level,  an  upright  post 
was  rigged,  and  the  holes  pointed  upward  and  backward.  On  a  nar- 
row part  of  the  vein  a  cross-bar  was  often  employed,  which  enabled 
the  muckers  to  tram  beneath  from  another  part  of  the  level,  while 
•drilling  operations  were  being  prosecuted.  Whenever  convenient, 
however,  the  miners  prefer  to  rig  upright,  as  they  can  drill  more  ad- 
vantageously from  that  position.  As  they  climbed  higher  on  the 
vein,  hitches  were  cut  in  the  foot- wall,  and  stulls  were  put  in  from 
foot  to  hanging  walls.  One  end  was  fitted  into  the  hitch,  and  the 
other  end  cut  with  such  a  bevel  that  it  fitted  against  the  hanging 
wall,  which  had  been  previously  faced  if  necessary.  ^See  Fig.  L) 
The  greater  weight  coming  on  the  stull,  the  more  securely  it  would 
remain  in  place.  These  stulls  were  placed  tightly  in  position,  and 
wedged  if  necessary  or  possible.  If  there  was  any  liability  of  their 
being  knocked  out  by  blasting,  a  hitch  was  also  cut  in  the  hanging 
wall.  Stulls  were  used  to  form  fioors  to  work  from  at  intervals  of 
nearly  20',  and  such  a  distance  apart  horizontally  that  the  lagging 
placed  upon  them  would  not  be  broken  by  the  blasts  above.  They 
were  also  put  up  against  any  bad  ground  that  required  them.  The 
lagging  used  on  the  stulls  consisted  of  round  poles,  and  plank  chutes 
were  run  up  the  stope  at  convenient  intervals. 

An  idea  of  the  stope  and  chutes  may  be  gathered  from  Figs.  2  and 
3.  A  cross-bar  and  stage  is  shown  in  Fig.  2,  but  usually  most  of  the 
work  is  done  from  the  broken  ore  resting  on  the  stulls,  and  an  up- 
right post  is  rigged,  either  on  this  ore  or  on  benches  on  the  footwall. 

But  where  the  ore  body  widened  stulls  could  not  be  used.  Here 
the  stope  was  started  by  enlarging  the  drift  to  the  total  width  of  the 
deposit,  and  a  face  obtained  right  across  the  vein.  In  one  case  the 
width  varied  from  40'  to  SO',  and,  as  a  back  or  roof  of  this  size  would 
be  dangerous  to  work  under  without  some  support,  the  timber  had  to 
be  quite  close  to  the  face.  When  the  muck  was  removed  mudsills 
were  laid  down,  upon  which  the  sill  posts  were  erected.  These  sills 
were  carefully  placed,  and  tamped  with  fine  dirt.  They  ^ere  braced 
apart  by  cross  ties,  and  had  a  length  of  16'  or  three  setts.  The  fram- 
ing and  manner  of  laying  them  is  shown  in  Fig.  4.  At  first  the  sill 
floors  were  not  planked  over,  but  later  it  was  seen  that  a  plank  floor 
was  economical  to  shovel  from,  as  often  there  would  be  rock  tumb- 
ling down,  or  breaking  through  from  the  fioors  above. 

On  one  level  in  the  Lre  Rol,  the  700'  level,  there  were  no  fewer  than 
8  machines  working  at  the  same  breast  simultaneously.  This  meant 
that  the  rate  of  advance  was  very  rapid,  and  difllculty  was  exper- 
ienced in  keeping  the  timber  close  enough  to  the  face.  Two  parallel 
tracks  were  laid  to  remove  the  ore,  one  along  the  footwall  side  and 
•one  along  the  hanging  wall  side,  and  a  large  gang  of  muckers  and 
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timber  men  became  necessary.  When  the  sills  had  been  laid  down 
square  setts  were  erected  upon  them,  and  securely  braced  or 
spragged.  Spragging  a  set  of  timber  requires  considerable  exper- 
ience on  the  part  of  the  timberman.  Spraggs  are  pieces  of  round 
lagging,  cut  square  at  each  end  and  of  varying  length,  and  placed 
between  the  ground  and  the  caps  or  ties,  as  the  case  may  be,  and 
securely  wedged.  They  serve  to  keep  the  setts  rigidly  in  their  pro- 
per position,  and  thus  prevent  them  from  falling  down  during  con- 
cussion after  blasting. 
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Fig.  4. 
Mud  Sills  and  Ties.— Le  Roi  Mine. 


The  details  of  the  square  setts  are  shown  in  Fig.  6.  These  were 
at  one  time  framed  by  hand,  but  now  a  framing  machine  does  the 
work.  The  setts  are  shown  in  position  in  Fig.  6.  This  Is  a  view 
of  a  section  across  a  rather  narrow  part  of  the  vein.  One  post  on 
the  foot  wall  is  placed  in  a  special  manner  to  avoid  the  necessity  of 
cutting  a  large  hitch  in  the  rock,  which  is  very  hard.  A  hitch  is 
often  made  when  it  can  be  cut  without  too  much  trouble.  On  the 
hanging  side  an  extension  cap  is  shown,  no  hitch  or  support  being 
made  for  the  end  of  it    The  top  "butt"  cap  on  the  hanging  side  is 
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jsupported  at  the  end  by  a  heavy  pole  instead  of  a  post.    The  plank 
floor,  lagging  and  spraggs  are  shown  at  the  top. 

The  posts,  used  in  the  Le  Hoi  ranged  from  12''  to  2^"  in  diam.,  the 
caps  12"  to  15",  and  the  collar  braces  or  ties  somewhat  smaller.  In  the 
old  days  it  was  the  custom  to  cover  the  caps  with  round  lagging,  16' 
long  and  up  to  I''  in  diameter.      They  thus  reached  over  three  setts, 


(g)  tc 


«-4. 


J 


LL-v-4-^   ^ 


Oo//q^   Ar^^, 


una 


© 


F>€>^i. 


sJoini'  A^r^M^  *^**H 


M 


&iti  ^k^m-t. 
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FiK.  5. 
Details  of  Square  Setts — Le  Roi. 

hut  were  diflRcult  and  awkward  to  handle,  on  account  of  their 
length.  After  several  years  of  this  inconvenience  it  was  decided  to 
cut  them  so  they  would  reach  only  two  setts.  The  lagging  was  then 
brought  to  the  mine  in  lengths  of  20',  and  they  were  sawed  in  half 
on  the  surface.      A  double    tier    of    lagging    was    used,    one  tier 
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being  laid  on  the  caps  and  the  other  at  right  angles  to  tnem.  Still 
later  in  the  history  of  the  mine  S'^  planks  in  5'  lengths  were  laid  on 
the  caps,  and  a  few  rough  holes  placed  on  top  of  them,  to  prevent 
the  plank  being  broken  by  the  blasts.  These  planks  were  spiked 
with  one  spike  in  each  end,  and  served  to  stiffen  the  timber  consider- 
ably. 

When  the  excavation  on  the  level  had  advanced  a  reasonable  dis- 
tance, say  about  60',  another  floor  was  started  on  top  of  the  timber. 
Overhand  stoping  now  commenced  and  rock  or  ore  was  broken  much 
more  readily  than  on  the  sill  floor,  as  it  had  a  better  chance  to  break. 


Fig.  6. 
Square  Setts  in  Position. 

there  being  more  free  surfaces.  Holes  were  drilled  in  a  face  about 
7'  or  8'  in  height,  and  placed  so  as  to  bring  the  ore  down  to  the  best 
advantage,  viz.,  enough  holes  were  drilled  and  enough  powder  used 
to  break  the  ore  to  convenient  size  for  economical  handling.  If  it 
were  broken  too  fine  it  would  take  too  long  to  shovel -into  chutes, 
while  if  it  came  down  In  the  form  of  large  bowlders  It  was  necessary 
to  blast  The  sizes  most  conveniently  handled  were  lumps 
weighing  from  25  to  50  lbs.,  which  could  be  rapidly  and  easily  thrown 
or  pulled  into  chutes.  The  holes  were  generally  drilled  in  the  dir- 
ection of  the  vein  or  ore  body,  and  not  across  it,  the  depth  being 
about  T,      At  each  set-up  the  miners  moved  across  the  face  from  foot 
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tt 

to  hanging,  or  vice  versa,  as  the  case  might  be.  In  this  way  the 
muckers  cleaned  out  the  broken  ore  behind,  and,  as  soon  as  there 
was  room,  the  timbermen  proceeded  to  put  up  the  timber. 

To  get  out  the  ore,  chutes  were  built  In  every  other  sett,  or  every 

:      ••  third  sett  at  most      The  bed  pieces  were  made  of  8"  x  10"  timbers, 

placed  at  proper  slope  for  the  rock  to  roll  down,  one  end  being   on 

\  the  collar  brace,  and  the  other  supported  by  a  cross-piece  inserted 

between  the  posts,  and  high  enough  to  enable  the  one  ton  ore  cars  to 
pass  beneath.      Figs.  7  and  8  show  a  side  and  front  view  of  a  chute 

r  respectively.      The  chute  door  or  gate  consisted  of  a  semi-circular 

sheet  iron  plate,  with  suitable  stiffening  to  prevent  deformation,  and 
a  lever  attached  by  which  to  operate  it  By  means  of  these  chutes 
properly  made,  and  with  dry  ore,  the  car  could  be  filled  in  a  very  few 

I  seconds. 

^  As  more  floors  were  constructed  above,  the  chutes  were  carried 

j  up  the  full  size  of  a  sett,  by  spiking  plank  8'  8"  in  length  on  the  caps 

and  collar  braces.  To  bring  them  closer  to  the  ore,  as  in  a  large 
stope,  the  chutes  were  expanded  to  take  in  two,  three,  and  even  four 
or  five  setts.  (See  Fig.  9.)  The  chute  planks  were  all  placed  ver- 
tically, and  where  it  became  necessary  a  bottom  of  short  lagging 
was  made  for  the  rock  coming  from  above  to  fall  upon.  A  stiffen- 
ing was  made  for  the  chute  planks  by  cross  brace  between  the 
posts,  half  way  up  and  well  spiked.  In  a  wide  stope,  two  rows  of 
chutes  and  two  lines  of  track  were  constructed.      By  this  means  the 

I  muckers  were  enabled  to  get  the  ore  into  the  chutes  without  being 

*  compelled  to  throw  it  far,  or  to  use  wheel  barrows  or  any  other 

\  device. 

\  While  any  level  was  being  developed  a  winze  was  sunk  from  the 

level  above  to  provide  ventilation.  These  winzes  were  always 
located  in  the  stopes,  and  provided  a  sort  of  chimney  by  which  the 
smoke  had  a  chance  to  escape.  They  were  also  used  as  an  easy 
route  by  which  timber  could  be  lowered   to   the   upper    floors,  and 

\  later,  when  the  ore  had  been  all  removed,  or  nearly  so,  waste  rock 

was  run  in  through  them  to  fill  up  the  stope. 

■ 

As  more  and  more  floors  were  attacked  and  carried  forward,  more 
faces  were  worked  simultaneously.  Care  had  to  be  exercised  in 
regard  to  approaching  too  near  the  front  line  of  timber.  The  blasts 
might  Jar  the  timber,  and  possibly  cause  it  to  throw  forward  a  few 
inches,  even  if  they  would  not  knock  it  down.      When  square  setts 

I  have  been  disarranged  in  this  manner,  it  is  a  very  difficult  matter  to 

'  force  them  back  into  position  again.      The  writer  has  had  occasion, 

as  a  timberman,  to  use  jack-screws  in  cases   of   this   kind,   and   to 

,t  spend  considerable  time  on  work  which,  with  a  little  more  caution 

on  the  part  of  the  miners  or  the  management,  would  have  been  un- 

\  necessary.      One  machine  at  a  face  and  one  machine  at  every  other 
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Views  of  Chute — Le  Rol  Mine. 
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the  level  below.  Here  the  timber  was  attached  wifn  a  hook  and 
half  hitch,  and  hoisted  to  any  floor  desired.  An  idea  of  this  ar- 
rangement may  be  gathered  from  Fig.  10,  in  which  one  timber  chute 
is  shown  beside  an  ore  chute.  The  timber  chutes  were  made  of  2'' 
planks,  spiked  to  the  collar  braces,  and  inclined  with  the  vein. 
They  were  erected  every  80'  or  less,  and  were  convenient  for  hoisting 
drills  and  machines,  as  well  as  timber.  The  timbers  could  be 
readily  dragged  to  any  place  desired  by  means  of  the  "come-alongs," 
which  were  a  pair  of  hooks  attached  to  the  centre  of  a  small  pipe 
Zi'  in  lengrth.  A  man  on  each  end  of  this  pipe  could  drag  a  post 
anywhere  over  the  floor. 

The  ore  was  not  sorted  in  the  mine,  but  sent  to  the  surface  to  be 
treated  there.  It  was  trammed  to  the  shaft  and  dumped  into  large 
pockets  from  which  the  skips  were  loaded.  The  tracks  at  the  shaft 
were  laid  directly  over  the  pockets,  and  the  ore  was  dumped  from 
the  car  between  the  rails,  or  at  one  side  of  them.  These  pockets 
were  capable  of  holding  a  good  many  tons  so  that,  if  anything  hap- 
pened to  the  hoisting  apparatus,  the  trammers  could  still  work  away, 
and  fill  the  pockets.  In  the  new  shaft,  which  was  put  through  by 
means  of  raises  from  each  level,  pockets  were  made  with  a  capacity 
of  about  200  tons. 

From  this  'somewhat  detailed  description  it  will  be  seen  that  a 
great  deal  of  timber  is  used  in  this  mine.  The  timber  is  not  used 
merely  to  hold  up  the  hanging  wall  and  roof,  but  principally  to  furn- 
ish a  convenient  method  of  reaching  all  the  ore,  and  to  prevent  loose 
slabs  and  bowlders  from  dropping  on  those  who  must  work  beneath. 
The  workings  are  kept  closely  timbered*  and  thus  liability  to  accident 
is  reduced.  No  staging  is  needed  in  rigging  machines,  the  muckers 
have  a  good  floor  to  shovel  from,  and  chutes  are  handy  and  conven- 
ient, more  so  than  could  possibly  be  the  case  in  any  other  mining 
method. 

By  this  system  all  the  ore  is  taken  out  between  levels.  The  sills 
of  one  level  are  caught  up  from  beneath,  and  timber  connections 
made  with  the  level  below. 

When  a  stope  or  level  is  worked  out  the  only  timber  saved  is  the 
rough  lagging  and  plank  flooring,  which  is  readily  torn  up  and  used 
again.  Waste  rock  from  development  work  in  other  parts  of  the 
mine  is  dumped  down,  and  the  old  stope  gradually  filled  up.  This 
rock  is  brought  up  from  the  lower  levels  on  cages  in  the  new  five- 
compartment  shaft  No  great  attempt  is  made,  however,  to  fill  the 
stopes. 

Old  Ibonsides  Mine,  Phoknix,  B.C. 

In  this  mine  and  the  adjacent  Knob  Hill,  we  have  a  still  wider  and 
larger  ore  body  than  at  any  point  in  the  Le  Roi.      Not  only   is  the 
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deposit  of  immense  size,  but  the  grade  of  the  ore  is  much  lower, 
necessitating  a  much  lower  cost  of  extraction,  in  order  to  mine  it  at 
a  profit  To  accomplish  this  a  large  output  is  essential,  and  cheap 
and  rapid  means  of  handling  it,  from  breaking  the  ore  down  until  it 
finally  reaches  the  smelter. 

The  ore  is  mined  in  three  ways  in  these  deposits: — 

(1)  By  open  cuts, 

(2)  By  the  milling  or  "glory  hole"  method,  and 

(3)  By  the  ordinary  overhand  stoping  with  the  use  of 

square  setts. 

The  open  cut  was  on  a  level  with  the  railroad  track,  and  a  tram- 
way was  built  with  an  incline  to  enable  a  small  hoist  to  bring  the  ore 
up  high  enough  to  dump  into  the  railroatl  cars.  This  is  quite  an 
ordinary  method  and  needs  no  further  comment,  the  ore  being 
broken  down  in  the  usual  way.  Later,  however,  when  a  consider- 
able excavation  had  been  made,  a  steam  shovel  was  used,  which 
handled  rock  of  much  larger  dimensions.  Bowlders  too  large  to  go 
into  the  bucket  were  picked  up  by  means  of  a  chain.  They  were 
loaded  either  directly  into  the  shipping  cars,  when  the  ore  was 
crushed  at  the  smelter,  or  into  small  wooden  cars,  and  taken  to  the 
crusher  first  by  horses,  and  at  the  present  time  by  a. small  locomo- 
tive. Three  steam  shovels  are  now  at  work  for  this  company  in 
their  low  grade  ore  bodies,  and  they  will  tend  greatly  towards  solv- 
ing the  problem  of  decreasing  the  cost,  and,  at  the  same  time,  largely 
increasing  the  shipments. 

The  milling  or  "glory  hole"  method  also  applies  more  particularly 
to  the  Knob  Hill  than  to  the  Old  Ironsides  Mine.  It  consists  essen- 
tially in  driving  a  tunnel  into  the  deposit  to  be  excavated,  aa  low  as 
can  be  conveniently  worked  without  the  sides  caving  in,  and  then  a 
raise  to  connect  with  the  surface.  At  the  bottom  of  the  raise  a  very 
substantial  chute  is  constructed  from  which  the  ore  can  be  readily 
withdrawn  into  cars.  Operations  then  begin  on  the  surface  and  the 
ore  is  milled  or  broken  down,  being  blasted  into  the  raise.  Suitable 
faces  and  benches  are  soon  established,  and  a  better  command  ob- 
tained of  the  size  of  the  rock  going  down  the  chute  or  raise.  Very 
deep  holes  are  drilled  and  very  heavy  blasts  set  oft,  thus  breaking 
the  ore  quite  rapidly  and  economically.  The  benches  are  arranged 
in  such  a  manner  that  a  great  amount  of  the  rock  rolls  down  into  the 
chute,  which  is  always  partially  filled,  without  much  handling. 

The  advantages  of  this  method  are  as  follows: — 

Practically  no  expense  for  timber. 

No  bad  air  to  work  in  and  hence  no  time  lost. 

Few  drill  holes  needed  and  comparatively  little  powder  used. 

The  ore  handled  mostly  by  gravity. 
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The  diaadvantage  fa  that  there  1b  a  limit  to  the  depth  at  which 
the  ore  can  be  excavated,  because  of  the  caving  or  falling  in  of  the 
Bides. 

On  the  deeper  levels  of  the  mine  the  usual  method  of  under- 
ground  deTelopment   was  carried  out.      The  system  of  mining  the 
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lagging  Arrangement— Old  Ironsides,  Phoenix,  B.C. 

ore  waa  very  Hlmilar  to  tbat  in  vogue  in  the  Le  Roi.  which  has  been 
already  described.  The  timbers,  however,  were  stouter,  and  the 
method  oC  lagging  was  different  In  arranging  the  lagging  the  ob- 
ject was  to  place  it  in  such  a  way  that  the  broken  ore  could  be  roiled 
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into  the  chutes  with  the  least  possible  amount  of  shovelling.  To 
accomplish  this,  lagging  about  10'  long  was  laid  on  the  caps,  close 
together,  and,  if  the  poles  were  weak,  t>erhap8  a  double  layer.  A 
space  two  setts  square  had  the  poles  laid  parallel,  and  the  adjacent 
squares  were  poled  at  right  angles  to  these.  The  caps  and  collar 
braces  were  of  the  same  dimensions,  hence  it  did  not  matter  which 
way  the  lagging  was  arranged.  In  this  way  the  poles  had  a  good 
support  at  both  ends,  because  they  reached  well  over  two  5'  setts. 


Chute  Arrangement — Old  Ironsides,  Phoenix,  B.C. 


When  it  was  desired  to  remove  the  muck,  all  that  was  necessary  was 
to  move  a  pole  so  that  the  ore  could  drop  through.  As  it  rolled  down, 
with  the  aid  of  a  pick  or  bar,  another  and  another  pole  could  be 
rolled  from  beneath  it.  In  this  manner  the  writer  has  rolled  into 
the  chute  40  or  50  tons  in  four  or  five  hours.  Any  very  large  bowlders, 
•of  course,  were  smashed  with  a  sledge  hammer.  Fig.  11  is  meant 
to  show  the  arrangement  of  the  lagging.  It  is  a  plan  of  the  floor  im- 
mediately under  the  ore  to  be  mined,  while  Fig.  12  is  an  elevation  of 
the  same. 

A  special  method  of  chute  building  was  adopted  here.       Above 
the  first  floor  they  were  built  in  the  shape  of  a  long  trough^like  V 


in  British  Columbia  and  Michigan  J 11 

running  from  one  brace  down  and  across  to  the  next.  Poles  were 
used  for  this  work,  and  spiked  securely  to  the  square  setts.  Figs.  13 
and  14  show  the  arrangement  of  the  chutes  in  plan  and  elevation. 
At  convenient  intervals  an  outlet  was  made,  and  between  each  chute 
gate  the  ore  was  allowed  to  pile  up  a  little.  The  ore  was  trammed 
to  the  shaft  in  ordinary  one-ton  cars,  and  hoisted  to  the  surface  on 
a  cage  through  a  vertical  shaft 

It  will  thxis  be  seen  from  this  brief  account  that  a  very  easy  and 
economical  method  of  removing  the  ore  was  in  vogue  at  the  Old 
Ironsides. 

Baltic  Mine,  Baltic,  Mich. 

The  method  adopted  in  the  Baltic  is  peculiar  to  this  mine,  and  is 
not  used,  as  far  as  the  writer  is  aware,  at  any  other  mine  in  the  Cop- 
per Country.  It  is  a  simple  system  of  walling  up  each  tramway  with 
waste  rock,  thereby  keeping  a  roadway  open,  and  filling  in  above 
with  the  gangue  and  country  rock,  as  convenient.  In  this  way  the 
expense  of  putting  in  timber  is  minimized,  which  is  offset  by  the 
walling  and  filling.  The  method  is  only  applicable  when  the  vein 
carries  waste,  or  when  waste  rock  is  easily  and  cheaply  obtainable. 

The  material  mined  is  native  copper  which  occurs  in  a  vein 
of  lava  rock  both  as  "shot  copper"  of  varying  size  scattered  through- 
out the  rock,  and  as  "mass  copper,"  which  is  solid  copper  of  more  or 
less  irregular  shape.  The  pitch  of  the  vein  is  about  70°  or  72^,  and 
the  width  varies  from  20'  to  50'.  Parts  of  the  vein  are  more  or  less 
barren  of  copper,  and  this  rock,  called  "poor  rock,"  is  picked  out  by 
the  "copper  pickers,"  and  forms  a  good  part  of  the  filling. 

The  vein  was  opened  up  by  shafts  and  drifts,  and  when  stoping 
began,  the  drifts  were  widened  out  to  the  full  width  of  the  vein. 
After  the  copper  rock  was  cleaned  out  from  the  face,  the  poor  rock 
was  taken  back  in  cars,  and  shovelled  to  one  side.  When  the  "wall- 
ers" had  enough  rock  to  start  on  they  began  and  walled  it  up  on  each 
side  of  the  track,  leaving  a  space  of  7'  for  a  tramway.  The  walls 
were  made  about  7'  high,  and  heavy  stull  timbers  laid  on  them  as 
caps.  These  caps  were  placed  about  3'  apart  and  covered  with  cedar 
lagging,  so  that  no  rock  could  come  through.*     (See  Fig.  15.) 

At  intervals  of  about  40'  spaces  were  left  for  chutes  on  one  side 
of  the  track.  They  were  built  up  with  rock  and  had  a  timber  mar- 
gin for  planks  to  be  spiked  to.  In  the  bottom  of  the  chute  flatted 
hemlock  timbers  were  laid,  and  a  heavy  sheet  iron  plate  was  fastened 
to  them  with  drive  bolts.  The  bottom  of  the  chute  was  made  flat 
because  very  large  bowlders  were  handled  in  it.  For  a  gate  a  spout 
was  used,  one  end  of  which  was  raised  and  lowered  by  means  of  a 
long  stout  lever.      The  copper  rock  thrown  into  the  chute  was  pulled 
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out  by  the  trammers  Into  two  ton    care,  taken    to   ttia   staaft,    and 
dumped  directly  Into  the  eklpe. 

Wtieti  the  work  had  progressed  far  enough  on  the  station  level, 
overhead  stoplng  began  above  the  caps  and  walls,  by  drilling  with 


Fig.  15. 
Section  along  Tramway,  Showing  Wall,  Mills,  etc. 


PiR.   16. 

Cross  Section  at  a  Mill— Baltic  Mine. 

machines  and  blasting  In  the  usual  manner.  The  rock  broken  down 
was  picked  over  by  the  copper  pickers,  the  copper  rock  being  thrown 
Into  the  chutes,  and  the  poor  rock  thrown  back  to  All  up  the  excava- 
tion. As  more  and  more  tilling  ac  cumulated  .the  chutes  were  carried 
upward  In  the  form  of  a  hole  h'  square,  by  means  of  heavy  cribbing 
flatted    at   the   ends   and   spiked.      (See  Fig.  16.)      Somellmes  the 
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pIckeiB    needed    wheelbarrows  to  get  the  rock  loto  the  chute  or 
"mllL" 

In  sloping,  a  good  breast  was  carried  along,  and  heavy  holes 
drilled,  since  no  damage  could  be  done  by  heavy  blasts,  though  it 
was  not  advisable  to  shatter  the  roof  too  much.  As  the  room  grew 
in  height  the  back  got  farther  and  farther  awsf  from  the  fllllng. 
This  necessitated  the  use  of  long  posts  for  the  machines  and  staging 
tor  the  miners  to  work  from.  The  Idea,  of  course,  was  to  work  as 
much  as  possible  from  the  top  of  the  broken  rock,  but  as  there  was 
100'  between  levels,  and  not  a  very  high  percentage  of  poor  rock,  it 
became  necessary  to  cut  out  the  foot  or  hanging  walls  to  fill  In,  and 


Fig.  17. 

Longitudinal  Section  of  Stope — Baltic  Mine,  Mich. 

thus  reach  the  back.  This  should  always  be  done  after  the  copper 
rock  has  been  picked  out,  as  otherwise  roucti  poor  rock  would  be 
miied  with  It.  An  attempt  is  made  to  convey  an  Idea  of  the  stope 
iQ  Fig.  17. 

This  method  is  supposed  to  take  out  practically  all  the  ore,  and 
the  only  use  made  of  timber  Is  to  crib  the  chutes,  and  cover  the 
tracks.  The  vein  rock  Is  quite  tough,  and,  with  a  slight  arch  In  the 
middle  of  the  roof,  there  Is  comparatively  little  danger  from  over- 
head. The  greatest  difficulty  to  be  encountered  will  be  In  making 
ronnecCions  between  levels.  Here  the  (llling  from  the  level  above 
will  ran  down  and  mix  with  the  copper  rock  below.  Taken  alto- 
gether, however,  this  Is  an  excellent  method  of  mining,  and  has 
Eiven  the  Baltic  people  satisfaction  up  to  the  present  time. 

Atlawtic  Mine.  Atlantic,  Mich. 
The  Atlantic  vein  is  similar  to  the  Baltic,  though  It  only  averages 
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about  15'  in  width,  and  it  does  not  carry  so  much  copper.  This  rock 
is  not  picked  over,  but  the  total  product  mined  goes  to  the  stamp 
mill.  Thus  no  fllling  can  be  obtained  from  the  rocli:  broken  and, 
the  vein  being  narrow,  stulls  can  be  used. 

When  the  levels  have  been  opened  up  the  miners  take  contracts 
to  stope  out  the  pay  rock.  -  Elach  contract  includes  a  part  of  the  vein 
99'  in  length  and  extending  between  levels,  which  are  about  85'  or  90' 
apart,  and  the  price  is  paid  on  a  basis  of  at  least  a  width  of  15'. 
The  contractors  first  run  a  drift  to  the  end  of  their  ground  and 
commence  stoping,  taking  out  enough  rock  to  put  in  the  stulls  to 
protect  the  level  for  tramming. 

These  stulls  are  very  heavy,  about  20'  or  more  long,  and 
placed  in  hitches  cut  in  the  walls.  They  are  inclined  at  an  angle 
of  about  70®  to  the  horizontal^  thereby  leaving  room  for  a  track  be- 


////  /y-ry^7^/  /  y^  ^  ^  zT^^yy^ 


'7  /  / 


i-.H 


jLZ. 


/  /  /  z 


tween  the  stulls  and  the  hanging  walls.  (See  Fig.  18.)  At  the  same 
time  they  were  quite  steep  to  prevent  them  taking  up  more  weight 
than  they  could  safely  bear.  They  are  covered  with  lagging,  which 
prevents  the  muck  from  coming  down  on  the  track.  When  this 
line  of  stulls  is  finished,  stoping  is  commenced  higher  on  the  vein. 
The  miners  keep  rigging  up    on    the    rock  they  break,  and   it  is 
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trammed  out  from  below  when  they  are  crowded  for  head  room. 
In  this'  way  they  are  always  close  to  the  back,  and  work  to  the 
best  advantage.  They  work  up  to  within  15'  of  the  level  above,, 
and  then,  as  the  rock  Is  withdrawn,  the  timbermen  place  stulls 
wherever  they  are  needed  to  support  the  hauging,  and  maivo  it 
safe  for  the  muckers  below.  The  pillars  left  constitute  the  floor 
of  each  level. 

This  method  furnishes  one  of  the  cheapest  and  best  methods 
if  getting  out  stamp  rock  in  the  copper  country.  The  width  of 
the  vein,  its  regularity  and  pitch  or  dip,  make  this  a  peculiarly 
valuable  method  to  the  Atlantic  Co.  Without  it  the  mine  would 
probably  be  operated  at  a  loss,  as  the  copper  values  do  not  exceed 
25  lbs.  per  ton  of  rock. 

Coming  now  to  the  Iron  Country  of  Michigan  we  find  a  some- 
what different  order  of  things.  Here  we  do  not  havn  the  ores  in. 
regular  well  defined  veins,  as  is  the  case  in  the  coDDsr  country. 
On  the  contrary,  the  ore  occurs  in  blankets  or  deoosits  of  more  or 
less  irregular  shape,  and  the  sustaining  power  of  the  adjacent  rock 
is  a  far  more  uncertain  quantity.  The  ore  itself  varies  a  great  deal., 
eome  being  soft  and  capable  of  caving,  while  much  is  hard,  and  a 
caving  system  could  not  be  adopted.  Some  again  is  intermediate 
between  hard  and  soft  ore,  and  a  combination  of  a  caving  system 
with  some  other  method  becomes  a  necessity. 

Barnum  Mine,  IsffpEMixo,  Mich. 

This  is  a  hard  ore  mine  producing  a  hard  hematite.  The  sys- 
tem of  mining  is  simple  and  inexpensive,  although  about  one-third 
of  the  ore  is  left  for  pillars.  The  levels  are  from  40'  to  50'  apart, 
and  after  being  driven,  raises  are  run  up  to  the  level  above  at  con- 
venient intervals.  When  the  raises  are  completed,  the  miners  be- 
gin at  the  top  and  mill  the  ore  down  the  raise  in  a  manner  similar 
to  the  "glory-hole"  method  already  described,  except  that  the  work 
is,  of  course,  underground.  They  work  from  convenient  benches 
and  gradually  cut  out  large  chambers.  Care  must  be  exercised  in 
scaling  any  loose  rock  from  the  roof  while  the  men  are  close  to  it, 
because  when  they  get  lower  down  the  roof  will  b3  out  of  reach. 
Wherever  necessary,  ipiUars  are  left  22'  square,  one  being  as  nearly 
as  possible  directly  above  the  one  below.  Machines  and  tripods 
are  employed,  and  the  rate  of  drilling  is  slow,  varying  from  4'  to 
15'  of  hole  per  shift  The  ore  is  also  hard  to  break,  and  a  50% 
dynamite  is  used.  There  are  no  pockets  in  the  mine,  and  the  cars 
are  hoisted  to  the  surface  by  a  single  compartment  shaft  As  the 
method  at  the  Bamum  is  so  simple,  little  more  need  be  said;  suffice* 
it  to  say  that  the  method  is  very  wasteful  of  ore,  because  such  a- 
large  percentage  of  it  is  left  in  the  mine. 
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Section  16  Mine,  Ishpeming,  Mich. 

The  ore  from  this    mine    was    also    fairly   hard  and  a  similax 
method  of  mining  was  adopted.    Levels   were   run  from   the  shaft 
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to  the  ore  body  at  Intervals  of  about  60',  and  a  drift  run  along  the 
foot  or  hanging  wall  as  desired.  From  this  drift  raises  were  driven 
every  50'  to  the  level  above,  t^s  making  a  passage  for  timber  and 
ore.  At  15'  below  the  upper  level  the  raise  was  enlarged  into  a 
stope  or  room,  and  made  of  such  a  size  that  it  would  be  safe  to  work 
in,  dividing  pillars  being  left  on  each  side.  The  ore  was  thus  re- 
moved down  to  the  level  below,  and  pillars  were  left  extending 
across  the  ore  body. 

When  the  rooms  had  all  been  excavated  in  this  manner  the  rob- 
bing of  the  pillars  began.  The  pillars  were  usually  25'  through,  and 
they  were  undercut  on  one  side  to  a  distance  of  about  9',  and  right 
across  the  vein.  The  timbermen  then  built  cribs  of  timber  8' 
square  in  this  space,  and  as  many  as  they  had  room  for,  leaving  a 
space  of  3'  between  each  for  a  passage.  These  cribs  were  built 
right  up  to  the  back,  wedged  down  and  lilled  with  rock. 

The  next  step  was  to  undercut  another  9'  and  treat  it  with  tim- 
l)er  cribs  and  rock  in  a  precisely  similar  manner.  Finally  the  last 
portion  of  the  pillar  was  removed  and  cribbed,  and  the  pillar  rested 
now  entirely  on  the  crib  supports.  The  stopes  on  either  side  of  the 
pillar  are  then  filled  with  loose  rock  to  the  level  of  the  top  of  the 
cribs,  and  also  in  between  them,  a  passage  way,  of  course,  being 
left  for  tramming. 

The  pillar  having  been  undercut  to  a  height  of  about  8'  another 
slice  is  removed  in  much  the  same  manner,  at  a  higher  level.     Mills 
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become  a  necesBlty  In  order  to  let  the  ore  down  through  the  rock 
fllliug,  and  tbese  are  made  of  round  poles  and  placed  at  convenient 
intervals.  Aa  the  pillar  was  attacked  at  a  hlglier  point  the  work 
proceeded  on  the  top  o(  the  flUing,  hence  by  tbla  method  It  was 
possible  to  remove  practically  all  the  ore. 


Fiobb,nj    and    Filling 
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The  suing  used  Is  obtained  from  two  sources:  part  Is  furnished 
by  the  ordinary  development  work,  and  the  remainder  is  obtained 
from  the  dump  of  a  neighbouring  mine.  It  Is  loaded  Into  railroad 
cars,  and  dumped  directly  down  a  raise  for  that  purpose.  This 
raise  la  tapped  where  desired  by  a  rough  chute,  and  the  rock  tram- 
med In  small  dump  cars  running  on  tracks  laid  on  the  filling. 
These  tracks  are  readily  moved  laterally  so  that  the  rock  Is  con- 
veyed to  the  place  desired  without  very  much  shovelling  being 
required. 
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In  parts  of  the  mine  where  the  ore  body  is  of  such  nature  that 

J 

•ore  pillars  are  not  necessary,  a  method  of  overhand  stoping  is  pro- 
secuted. This  operation  is  followed  directly  by  the  filling*  the  ore 
being  mined  out  and  the  excavation  filled  with  waste  rock.  Where 
jthe  roof  is  not  good,  cribs  are  built  on  the  filling  to  su()port  it. 

Again,  in  other  parts  of  the  mine,  filling  is  not  used,  but  the  ore 
Js  mined  from  each  level  upwards,  and  the  regular  square  sett  tim- 
ber erected. 

The  methods  of  mining  at  this  mine  are  therefore  somewhat 
special  and  varied.  The  cause  of  this  variation  is  due  to  the  fact 
that  the  ore  body  changes  from  place  to  place  in  hardness,  width, 
stnd  accessibility.  In  some  parts  of  the  mine  it  is  hard  to  introduce 
the  filling,  while  in  others  it  is  a  cheap  and  efficient  adjunct  in  ex- 
tracting the  ore.  Wherever  used  it  forms  a  compact  and  satisfac- 
tory substitute  for  timber,  which,  to  perform  the  same  duty,  would 
l}e  quite  expensive. 

Soft  Ore  Hematite  Mine,  Ishpeming,  Mich. 

Here  we  have  a  mine  which  was  formerly  covered  by  Lake  Angel- 
ine,  a  body  of  water  of  about  100  acres  in  extent,  and  50'  deep  in  the 
.deepest  part  The  water  was  pumped  out  by  means  of  powerful 
pumps,  and  the  lake  bed  became  comparatively  dry.  On  the  mar- 
gin of  the  old  lake,  shafts  were  sunk,  and  the  mining  of  the  large 
deposits  of  soft  ore  begun.  The  ore,  being  a  soft  red  hematite,  was 
very  easy  to  break  down,  but  it  was  impossible  to  have  large  cham- 

« 

bers  excavated,  because  of  its  heavy  settling  nature.  As  the  soft 
ore  caved  so  readUy,  a  caving  system  of  mining  was  soon  inaugur- 
ated: 

Haulage  ways  were,  as  far  as  possible,  made  in  solid  rock.  Then 
raises  were  driven  to  the  top  of  the  ore  deposit,  at  intervals  of  from 
"60  to  100  feet,  and  cribbed  with  two  compartments,  one  for  a  ladder 
road  and  the  other  for  ore.  Sub-levels  were  also  made  to  facilitate 
operations.  The  ore  was  loaded  into  cars  holding  about  2^  tons, 
which  were  attached  to  a  "bull-dog",  and  taken  to  the  shaft  in  trains 
of  six  or  seven.  The  bull-dog  was  operated  by  a  cable,  each  end  of 
which  passed  around  a  drum  run  by  compressed  air.  One  engine 
was  located  at  the  shaft  and  the  other  at  the  end  of  the  haulage 
Avay.  At  the  shaft  the  cars  dumped  directly  into  the  skip,  and  were 
moved  up  to,  and  away  from,  the  shaft  by  hand.  The  idea  of  the 
bull-dog  is  to  facilitate   coupling,   the   cars   being  connected  to  the 

i  buLl-dog  instead  of  directly  to  the  cable. 

1  When  the  chutes  were  completed  a  "top-slicing"   scheme  was  be- 

gun.     A  drift  8'  x  8'  was  driven  parallel  with  the  deposit,  and  tim- 

\  bered  with  square  setts.    These  setts  consisted  of  legs  and  caps  as 
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sluvD  In  Fig.  20,  and  placed  4'  apart  At  tbe  raise  It  was  Impor- 
;iai  to  have  rather  etout  timber,  because  here  the  timber  was  ex- 
pected to  stand  tbe  longest,  ajid  was  therefore  subjected  to  most 
prsssnre.  Farther  from  the  raise  or  chute  the  timber  was  much 
^inaller,  fi  to  12  inches,  and  the  caps  were  covered  with  light  lagglci;;. 
The  cape,  as  a  rule,  were  a  few  inches  larger  In  diameter  than  the 

Tht  second  step  in  top  slicing  Is  to  begin  at  the  farthest  end  of 
i^e  drift  and  crosscut  to  both  foot  and  hanging  walls.      Ttiese  drifts 


Fig.  20. 
Caving  System,   Soft  Ore.— No.  2  Hematite  Mine. 

are  also  8'  x  i'  and  are  driven  parallel,  and  one  after  nnother.  until 
;he  whole  area  Is  excavated,  that  around  the  chute  belug  talien  out 
last.  The  same  procedure  Is  loHowed  on  the  opposite  side  of  the 
chute.  The  floor  Is  then  all  lagged  over  to  prevent  mud,  gravel,  etc., 
from  mixing  with  the  ore  when  subsidence  takes  place.  The  legs  of 
ihe  sella  are  blasted  out  and  the  overlying  burden  is  lowered,  as  a 
consequence,  all  over  the  area  In  question. 
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Mining  below  this  is  now  done  by  the  real  caving  Qystem.  The 
miners  drop  down  12'  or  15',  depending  on  the  hardness  of  the  ore, 
and  run  a  drift  as  before.  Side  rooms  are  run  to  foot  and  hanging 
walls  and  when  these  are  reached  the  most  remote  setts  are  blasted, 
and  the  roof  is  caved  in.  By  working  as  they  retreat  practically  all 
the  ore  is  removed  from  beneath  the  lagging  above,  only  one  sett 
being  usually  blasted  at  a  time.  Sometimes  several  rooms  ar« 
worked  out  before  caving,  but  it  is  unsafe  to  leave  them  for  any 
length  of  time.  It  is  deemed  advisable  to  finish  one  room  before 
beginning  another.  In  this  manner  a  whole  slice  is  taken  out,  and 
overlying  debris  or  "gob"  is  lowered  once  more.  Then  a  drop  is 
made  for  another  and  another  slice,  until  the  bottom  of  the  deposit 
is  reached. 

Contrary  to  what  might  be  expected  this  is  a  comparatively  safe 
method  of  mining.  The  men  work  near  the  back  all  the  time,  and^ 
should  there  be  any  danger,  warning  is  given  by  the  gradual  crush- 
ing of  the  timber.  No  large  rooms  are  excavated  at  any  one  time, 
and  there  is  practically  no  danger  from  this  source. 

The  system  is  also  cheap,  comparatively  little  timber  is  used,  and 
even  that  is  of  an  inferior  order.  Very  little  powder  is  necessarj-, 
and  there  is  not  much  drilling  done.  Holes  are  drilled  with  mach- 
ines, augurs,  or  hammer  and  drill,  as  the  particular  hardness  of  the 
ore  may  make  advisable.  The  cost  of  mining  is  low,  and  contracts 
run  at  $4.50  for  an  8'  x  8'  drift  per  foot  of  advance.  The  miners 
make  from  |55  to  |60  per  month  after  deducting  all  expenses  for 
powder,  caps,  fuse  and  candles. 

Queen  Mine,  Negaunee,  Mich. 
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In  the  Queen  Mine,  as  its  name  implies,  we  have  a  fine  example 
of  systematic  iron  mining.  The  ore  body  is  large  and  fairly  regular 
and  lends  itself  particularly  well  to  methodical  development.  The 
ore  is  not  very  hard,  and  it  is  not  soft  enough  to  cave,  as  in  the 
Hematite.  A  special  method  has  been  adopted  and  seems  to 
answer  the  purpose  very  well.  The  system  in  vogue  starts  out  as 
a  square  sett  system  and  develops  a  caving  system  as  the  work 
proceeds. 

The  ore  body  is  in  the  shape  of  a  lens,  and  dips  to  the  north  at 
an  angle  of  38°,  and  also  pitches  to  the  west  at  45°.  Six  shafts  have 
been  sunk,  the  first  three  on  the  eastern  side  being  now  worked  out 
From  the  shaft  a  well  laid  out  system  of  haulage  ways  has  been 
driven,  special  attention  being  given  to  prevent  interference  of  cars 
with  timber  and  vice  versa.  The  timber  can  be  handled  on  one  line 
of  tracks  often  at  right  angles  to  the  haulage  tunnels.  The  main 
ore  drift  has  been  double  tracked,  and  an  endless  cable  picks  up  the 
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loaded  cara  ot  ore  as  desired,  and  takes  ttaem  to  tbe  shaft  The  cahle 
Is  opwated  by  an  engine  at  the  shaft  with  a  special  device  to  keep 
np  nolform  tension.  The  cars  are  attached  to  the  cable,  which  ta 
alwara  moving,  by  hand,  and  are  detached  automatically  when  they 
rach  the  shaft  They  are  dumped  into  pockets  and  sent  back  by 
tbe  cable  on  the  other  track.  The  expense  of  operating  this  haulage 
Bystem  Is  only  )  cent  per  ton. 


Coining  now  to  tbe  mining  system  proper,  we  find  a  lace  ol  3 
Ktts  Wide  or  25'  carried  forward,  and  timbered  with  good  Eubstan- 
tUl  square  sett  timber.  Then  parallel  to  this  another  similar  face 
Is  driven,  hut  with  a  pillar  5  setti,  or  40',  left  between.  Crosacuts 
ars  also  mn  blocking  out  the  pillars  Into  squares.      (For  plan  and 
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elevation  of  stopes  and  pillars  see  Figs.  21  and  22.)     At  the  same 

time  these  faces  are  being  worked  on  the  level,  another  and  an- 
other slice  is  stoped  out  and  timbered  above.  In  this  way  the  ore 
body  is  honey-combed  to  the  top  of  the  deposit,  pillars  and  rooms 
alternating  throughout  the  level. 

After  the  ore  has  been  excavated  in  this  manner  the  work  of 
taking  out  the  pillars  and  caving  begins.      A  raise  8'  x  8'  is  now 

run  up  through  the  centre  of  the  pillar,  and  timbered  with  the 
usual  setts.  Thus  between  the  centre  sett  and  the  timber  in  the 
rooms  outside,  there  is  a  distance  of  two  setts.  The  top  of  the 
pillar  is  taken  out  to  the  depth  of  one  sett,  and  caps  of  double 
length  are  used  to  connect  the  centre  with  the  outside  setts.  This 
is  done  on  the  four  sides  and  the  top  heavily  lagged.  The  ore  is 
then  worked  downward  using  tlie  long  caps  at  each  step,  but  with- 
out lagging.  The  material  of  the  pillar  is  readily  broken  up  and 
sent  down  the^cliutes  in  the  outside  setts;  in  fact  it  is  the  most 
rapid  method  of  breaking  ore  in  the  mine. 

When  the  pillars  have  all  been  robbed  the  tracks  are  taken  up, 
a  flooring  of  polee  is  laid,,  except  where  there  is  a  rock  floor,  and 
every  second  leg  is  blasted  out,  thus  bringing  down  the  whole 
mass  of  timbers  as  well  as  the  roof. 

A  system  called  "  scrammlnj^  "  is  used  to  mine  on  the  level  be- 
low. The  level  is  divided  into  50'  squares,  and  in  each  a  raise  4' 
x  9',  in  two  compartments,  is  run  up  to  the  lagging  above,  the 
levels  being  85'  apart.  Starting  9'  down  a  drift  is  driven  from 
the  raise  25'  each  way,  and  timbered  with  light  eetts.  The  ore  is 
shovelled  directly  into  the  chute  or  a  wheelbarrow  is  used.  A 
second  drift  is  run  beside  the  first,  though  not  always,  and  the 
bottom  is  lagged  over.  Then  the  legs  are  blasted,  and  the  over- 
lying debris  caved,  as  in  the  Hematite  Mine.  The  process  is  re- 
peated until  the  2,500  sq.  ft.  is  lowered  9'.  The  miners  now  drop 
once  more,  and  repeat  the  operation,  and  so  work  down  to  the 
level. 

While  work  is  progressing  In  the  drift  the  timbers  begin  to 
crack,  which  is  a  good  sign,  because  it  shows  that  the  mass  above 
is  slowly  settling.  If  the  timbers  do  not  show  that  they  are  support- 
ing great  weight  the  debris  has  become  "  hung  up,"  and  is  liable 
to  come  down  at  any  moment.  Seeing  this  the  miners  either  blast 
it  down,  or  get  out  of  the  place.  When  the  timbers  show  pressure 
the  workmen  are  safe,  as  the  mingled  rock  and  timbers  settle  very 
slowly,  an  inch  or  so  a  day. 

This  method  of  scramming  is  also  used  in  new  workings  under 
gravel,  sand  or  loose  rock.  In  that  case  great  pits  are  formed  on 
the  surface  immediately  above. 
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In  the  foregoing  description  of  these  several  mining  methods, 
little  attempt  has  been  made  to  go  into  the  minute  details  of  the 
Tarious  schemes  presented.  The  systems  taken  up  represent  the 
actual  practiccv.  in  their  most  essential  features,  of  underground 
work  in  Western  America,  outside  of  coal  mining.  Much  more 
might  be  said  in  regard  to  many  matters  connected  with  them,  such 
as  their  comparative  expense,  the  percentage  of  ore  recovered,  their 
suitability  to  general  conditions,  etc.  To  go  farther  into  these 
matters  would  make  the  paper  unduly  long.  No  references  have 
been  consulted,  as  the  data  have  all  been  gathered  by  the  writer  at 
first  hand. 
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MINE  TIMBERING  IN  SECTION  16  OF  THE  LAKE  SUPERIOR 

MINING  COMPANY,  MICHIGAN. 

By  C.  St.  G.  Campbell,  S.  Can.  Soc.  C.  E- 
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In  the  following  paper  it  will  be  necessary  to  depart  somewhat 
from  the  subject  proper  and  give  a  brief  description  of  the  location 
of  the  mine,  the  method  of  mining  the  ore,  the  management,  etc. 

Section  16  is  essentially  a  hard  ore  iron  mine,  situated  three- 
quarters  of  a  mile  from  Ishpeming,  a  town  fifteen  miles  from  Mar- 
quette, on  the  south  shore  of  Lake  Superior. 

The  mine  is  worked  chiefly  for  hard  ore,  there  being  three  large 
lenses,  each  of  a  different  grade,  according  to  the  percentages  of 
iron  and  phosphorus  contained.  There  are  also  two  "  pockets  "  of 
soft  ore,  which  is  locally  known  as  "  Haematite,"  but  after  mining 
these  "  pockets  "  for  some  time,  it  was  found  that  the  ore  was  too 
high  in  phosphorus  to  compete  with  the  soft  ores  of  the  surround- 
ing mines.  So,  for  the  present ,  at  least,  the  mining  of  it  has 
ceased. 

The  hard  ore  is  found  with  a  foot  wall  of  decomposed  Diorite, 
resembling  soapstone,  and  a  hanging  wall  of  quartzite  or  Jasper.  A 
great  dyke  of  Diorite  cuts  across  the  deposit  and  makes  the  forma- 
tion somewhat  irregular.  The  three  lenses  dip  at  average 
of  70°  with  the  horizontal.  They  have  an  east  to  west  strike  and 
vary  very  much  in  their  dimensions  ;  ranging  from  10'  to  700'  long. 
The  dimensions  of  the  so-called  "  South  vein  "  have  not  yet  been 
determined,  as  it  reaches  below  present  operations. 

The  method  of  extracting  this  hard  ore  is  as  follows  :  At  inter- 
vals of  60',  levels  are  run  out  from  the  vertical  or  hoisting  shaft 
until  the  ore  is  reached.  A  tunnel  is  cut  along  the  length  of  the 
lens,  clinging  to  either  hanging  or.  foot  wall  as  the  case  may  be. 
Raises  are  then  made  every  fifty  feet  to  the  above  level  or  nearly 
so,  a  back  of  fifteen  feet  being  left  to  make  tramming  safe.  Through 
this  back  a  small  hole  Is  cut  to  let  down  timber,  also  for  the  pur- 
poses of  ventilation,  etc.  When  first  cut,  these  raises  are  nine 
feet  in  diameter  and  are  afterwards  widened  until  the  dividing  pillar 
is  as  thin  as  is  consistent  with  safety,  say  15'  in  the  average. 

The  next  step  is,  In  many  ways,  modified  by  the  width  of  the 
lens,  but  It  suffices  to  say  that  the  stope  Is  carried  across  the  width 
of  the  vein,  the  shift    boss  using   his    own    discretion    as    to    the 
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method  employed.  Finally,  however,  the  stopes  or  raises  are  filled 
up  with  rock,  leaving  a  timber  tunnel  (or  the  passage  of  trams  on 
the  level  below.  Mills  are  also  built  and  rock  filled  In  around 
them,  a  process  which  will  be  described  more  fully  later.  The  pil- 
lars are  then  mined  out  and  the  places  where  they  were  filled  in 
with  rock.  In  this  way  all  the  ore  Is  secured. 

The  '*  Haematite/'  so-called,  is  mined  by  the  "  square  set  *'  sys- 
tem, which  consists  of  taking  out  slice  after  slice  of  the  ore,  the 
length  and  breadth  of  the  "  pocket,"  and  in  its  place  putting  timber 
in  the  form  of  skeleton  cubes,  the  sides  of  which  measure  eight 
feet.  These  cubes  or  "square-sets,"  as  they  are  called,  are  put  in 
one  at  a  time,  just  enough  ore  being  taken  out  to  allow  the  erection 
of  a  single  square-set.  The  pocket  is  worked  from  bottom  upward, 
thus  securing  the  advantage  of  gravity  for  the  removal  of  the  ore. 
All  the  ore  is  sent  down  by  means  of  improvised  chutes  made  of 
lagging. 

The  mine  is  at  present  850'  deep  and  the  shaft  is  still  being  sunk 
to  tap  the  south  vein.  There  are  at  present  thirteen  levels,  twelve 
of  which  open  on  to  the  shaft  The  4th,  5th,  6th,  7th  and  8th  levels 
have  all  been  mined  out  even  to  the  pillars.  On  the  lower  levels, 
tunnelling  and  raising  are  being  carried  on,  while  on  the  first  three 
levels,  the  "  robbing  of  the  pillars  "  is  not  yet  completed. 

There  are  two  other  shafts,  besides  the  one  above  mentioned. 
These  are  used  for  ventilation  and  shooting  down  the  rock  used  for 
filling.  These  shafts,  one  of  which  is  inclined,  reach  only  to  the 
second  level.  From  there  on,  the  rock  is  sent  to  the  lower  levels 
by  means  of  mills. 

For  the  most  part,  the  "Hard  Ore"  justifies  its  name  and  is 
hard  and  compact,  but  occasionally  it  is  of  a  slaty  structure  or  full 
of  cracks  and  fissures.  In  such  places  it  is  necessary  to  use  drift 
sets.  Similar  protection  is  also  necessary  when  drifting  through 
decomposed  Diorite,  locally  known  as  "  Soapstone." 

The  proposition  which  the  timberman  has  to  handle,  now  having 
been  outlined,  the  respective  applications  of  the  different  methods 
will  be  taken  up  in  detail. 

The  timber  is  obtained,  for  the  most  part,  from  lumber  camps, 
the  furthest  not  being  more  than  twenty  miles  from  the  mine.  This 
timber  is  taken  to  the  mine  by  rail  and  stocked  near  the  main 
shaft.  Second  class  logs  are  used,  knots  and  slight  crookedness 
not  being  objectionable.  The  logs,  cut  into  either  5W,  8',  10'  or  16' 
lengths,  are  lowered  into  the  mine  by  means  of  chains  attached  to 
the  bottom  of  the  skip.  The  timber  men  land  them  at  the  level 
station  below  with  the  aid  of  a  rope,  ship  them  on  to  a  tram  and 
take    them  to  a  timber-dock,  where    they  remain    until    required. 
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Between  the  hours  of  twelve  and  one  on  the  day  shift  the  miners 
are  on  the  surface  for  lunch,  and  advantage  is  taken  of  this  fact  to 
lower  timber.  In  consequence  the  timbermen  remain  below  and 
taive  out  timber,  thus  postponing  their  lunch  for  one  hour.  Hem- 
lock and  white  pine  are  used  for  the  most  part  in  the  large  timber- 
ing. Cedar  is  used  for  lagging.  The  captain  is  at  present  expe- 
rimenting on  hardwood.  Squared  timber  is  used  only  in  the  shaft 
and  under  certain  special  conditions  elsewhere.  In  other  places 
not  only  is  timber  used  round,  but  also  with  the  bark  on.  The  life 
of  a  "  stick  "  is  very  uncertain,  depending  upon  the  nature  of  the 
wood,  the  stress  to  which  it  is  subjected  and  the  temperature,  hence 
the  moisture.  On  the  7th  and  8th  levels,  immediately  above  the 
pumps,  which  are  on  the  9th  level,  the  timber  lasts  only  five 
months,  after  which  it  is  quite  easy  to  force  the  point  of  a  candle- 
stick six  inches  into  the  wood  with  the  hand.  Thi^s  is  exceptional, 
however.  The  average  life  of  timber  in  the  mine  is  said  to  be  ten 
years.  The  timber  is  often  crushed  by  the  settling  of  ground,  but 
there  is  little  danger  to  life  in  this,  owin;  to  the  slowness  of  set- 
tling. 

SHAFT  TIMBEBING.  ' 

The  method  of  sinking  the  hoisting  shaft  is  somewhat  similar 
to  that  of  raising  a  square  set  A  rectangular  hole  is  stoped  down 
to  a  depth  of  10',  having  a  width  of  10'  and  a  length  of  18',  and  in 
this  hole  is  set  up  a  double  square  set,  8'  x  8'  x  16'.  This  square 
set  is  suspended  from  the  ore  above  by  means  of  bolts.  It  is  then 
wedged  into  place  and  lagged  between  the  timber  and  rock.  The 
shaft  is  then  sunk  another  8'  and  another  double  square  set  placed 
and  bolted  to  the  bottom  of  the  former,  and  so  the  sinking  and 
timbering  proceeds.  The  timber  in  the  square  sets  used  is  from 
12*  to  18"  in  diameter.  Every  time  an  advance  of  three  sets  (24 
ft)  is  made,  the  small  shaft  pump  is  lowered  the  same  distance,  so 
keeping  within  the  27'  practical  pumping  limit. 

The  shaft  is  then  lined  inside  the  square  sets  with  8^^  x  8" 
squared  timbers,  18'  long,  placed  close  to  one  another  vertically, 
giving  the^haft  a  box-like  character.  In  each  set  and  parallel  to 
the  ends  of  the  shaft  are  placed  cross-pieces  to  which  planks  are 
nailed,  thus  dividing  the  shaft  into  four  compartments.  The 
centre  two  are  about  twice  the  size  of  the  end  ones  and  are  used 
for  skip  roads,  while  the  end  compartments  are  used  for  pipe, 
pumps  and  ladder  ways.     (See  Fig.  2.) 

The  skips,  which  are  steel  boxes  2' 6*  square  and  5'  high,  slide 
in  runners  which  consist  of  four  8"  x  8"  beams,  two  at  each  side  of 
the  skip.      These  are  placed  vertically  6"  apart. 
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Side  elevation  of  drift  Bet 
Fig.  3  (a). 
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End  view  of  drift  set. 


Fig  3  (b). 
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Until  lately  much  trouble  has  been  experienced  from  water 
in  the  shaft.  In  Tiew  of  stopping  this  water  downpour,  trouglis  or 
garlands  have  been  arranged  to  carry  the  water  into  pumps  at 
depths  of  190'  and  6S0'.      This  has  proved  very  effective. 

The  rock  shafts  are  very  much  simpler  in  construction,  being 
merely  lined  with  rough  unbarked  logs  built  up  like  a  crib.  It  is 
usual  to  hoist  to  the  surface  all  rock  from  the  stopes  at  the  bottom 
of  the  mine  and  send  it  down  again  to  the  levels  where  the  pillars 
are  being  robbed.  Obviously  this  supply  of  rock  would  be  insuffi- 
cient Hence  carloads  of  loose  rock  are  brought  from  the  No.  1 
Hard  Ore  Mine  and  dumped  down  one  or  other  of  the  shafts  as  re- 
quired. 

DHIFT  SETS. 

In  running  through  Soapstone  on  the  2nd,  9th  and  lower  levels, 
the  back  and  sides  of  the  tunnel  are  so  weak  that  they  have  to  be 
supported.  This  is  done  by  means  of  "  drift  sets."  Two  trestles, 
five  feet  apart,  each  consisting  of  two  legs  and  a  cap,  with  a  cover- 
ing of  poles  resting  on  the  caps,  constitute  for  the  main  part  what 
is  known  as  the  "  drift  set"  The  caps  are  chopped  flat  at  the  ends 
so  as  to  set  firmly  on  the  legs.  The  pairs  of  legs  are  kept  apart 
by  studdles,  which  are  poles  4'  6"  long  and  i"  in  diameter,  set  close 
under  the  caps  and  at  right  angles  to  them.  See  Fig  3  (a).  The 
legs  are  firmly  spragged  against  the  wall  and  spaces  between  the 
legs  lagged  on  the  rock  side.  The  lagging  is  nailed  to  the  legs  hori- 
zontally, one  above  the  other,  and  the  loose  rock  is  piled  in  behind 
the  partition  so  formed.  The  covering  poles  used  are  from  4^^  to  6^^ 
in  diameter.  These  are  laid  lengthways,  the  ends  of  the  poles  in 
one  direction  of  a  set  resting  on  a  cap,  and  in  the  other  direction 
resting  on  the  ends  of  the  poles  of  the  preceding  set  By  means  of 
small  pieces  of  timber  the  back  is  caught  up  and  wedged  tightly. 
See  Fig  3  (b).  If  the  pressure  is  likely  to  be  great,  owing  to  caving 
in  of  the  sides  of  the  tunnel,  the  legs  are  set  wider  apart  at  the  bot- 
tom to  ensure  greater  stability.  At  each  end  of  a  line  of  drift  sets, 
slanting  props  or  "  rakers '  are  propped  against  the  legs  to  keep  the 
whole  steady  when  the  blasts  go  off.     See  Fig  3  (c). 

squaiie  sets. 

A  single  square  set  consists  of  four  vertical  legs  arranged  in  an 
8'  square,  each  leg  being  8'  high.  The  legs  of  two  opposite  sides 
of  this  square  set  are  held  together  by  caps,  which  rest  on  the  top 
of  the  former.  The  two  other  sides  are  held  together,  or  better 
still,  held  apart,  by  studdles,  in  this  cajse  8"  to  10"  in  diameter. 
The  studdles  are  nailed  in  place  a  little  lower  than  the  cap.      The 
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legs  and  caps  bave  average  diameters  of  IS"  and  12'  respectively. 
The  top  of  each  set  Is  covered  with  4"  poles,  In  order  to  prevent 
ore  from  coming  down  on  top  of  tbe  minerB.  The  whole  set  Is 
spragged  securely  when  first  built  and  thus  remains  until  surround- 
ed with  other  sets.  For  the  sake  of  strength  and  continuity,  tbe 
same  two  sides  of  a  square  set  always  have  the  caps.      If  the  stope 


ff^f^^f^^^^^^ 


Is  fairly  wide  and  high,  chutes  are  built  in  so  that  each  one  is  fed 
by  Ave  columns  of  sets.  Twice  bas  an  attempt  been  made  to  mine 
the  bard  ore  by  this  system,  but  without  success. 


In  raising  up  along  the  lens  the  hanging  wall  Is  often  looee, 
great  masses  sometimes  breaking  off,  and,  in  consequence,  it  la 
necessary  to  prop  the  loose  ground  np  by  means  of  stulls.  See  Fig. 
4  (a).  A  atull  Is  a  ainRle  stick  of  timber  varying  in  size  according 
to  the  stress  to  which  It  is  subjected.  Tbe  distance  Is  measured  from 
foot  to  banging  wall  and  the  stull  cut  a  corresponding  length.  A 
socket  is  made  for  the  end  ot  the  stull  on  tbe  foot  wall  by  scooping 
out  a  shallow  hole.  The  stull  is  then  driven  into  place  and  fixed 
tightly  by  means  of  wedges.  For  obvious  reasons,  every  endeavour 
is  made  to  have  the  greatest  stress  along  the  line  of  the  prop,  though 
in  some  cases  this  is  not  at  all  possible.     See  Fig.  4  (b). 
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In  the  raises  on  the  13th  level,  it  is  impossible  to  set  up 
machines,  owing  to  the  narrowness  of  the  lens  and  the  steepness 
of  the  dip,  except  as  follows  :  Two  stulls  are  erected  within  V  of 
the  breast  on  either  side  of  the  raise  (8'  apart).  On  the  top  side, 
poles  are  laid  halfway  up  to  the  hanging  and  then  ore  is  pulled 
down  behind  these  poles  until  a  horizontal  surface  is  obtained. 
On  this  surface,  which  is  about  C  wide  by  9'  long,  the  machine  is  set 


Fig.  4  (a). 

up.  See  Fig.  4  (c)  This  is  called  a  bench  and  is  used  for  16' 
of  advance  stoplng,  after  which  another  one  is  built  above  it  in  the 
same  manner.  It  is  found  expedient  to  remove  the  lower  ones  as 
soon  as  the  top  ones  are  built,  to  give  free  passage  for  ore. 

Great  difficulty  is  experienced  in  getting  timber  up  into  the 
raises.  Owing  to  oversight,  all  the  tackles  are  too  short,  so  the 
logs  have  to  be  carried  up  the  slope  by  the  timbermen,  who  hold 
the  log  under  one  arm  and  use  the  other  to  pull  themselves  up.  It 
is  quite  customary  to  do  this  for  30'  before  the  tackle  comes  into 
play. 

"  TIUBER  PILLAnS,"   OB  CRIBS. 

The  duty  of  a  timber-pillar  is  to  "hold  up  ground."    It  serves 
the  same  purpose  as  a  vertical  stull,  only  on  a  much  larger  scale. 
The  pillar  is  made  of  rough  unbarked  logs,  8'  in  length   and  any- 
thing from  6''  to  2*  in  diameter,  according  to  the  weight  the  pillar 
is  to  bear. 


Campbell  on  Mine  Timhcri»g 


Fig.  4  (b). 

A  pair  ot  such  logs,  7'  apart  parallel  to  each  otber,  are  laid 
'directJi'  under  the  "  bad  ground  "  and  on  top  of  these  are  laid  two 
more  at  right  aogles  to  the  first  two.  the  aame  distance  apart  and 
parallel  to  each  other.  Again  on  top  of  these  are  laid  two  more 
In  the  same  way.  The  pillar  ta  thus  gradually  hullt  up  to  the 
lack  and  eventually  wedged  down  tightly  by  lagging  and  small 
pieces  of  wood.  Considerable  experience  is  required  to  make  a 
light  fit,  owing  to  the  unevenness  ot  the  ground  and  the  tendency 
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for  the  whole  to  shift  All  the  pillars  are  Inspected  every  day  by 
the  timber  boss  to  guard  against  any  such  (allure.  In  laying  one 
cross-piece  on  top  of  another  there  is  great  tendency  to  roll,  in  con- 
sequence notches  or  *'  Joggles/'  as  they  are  called,  are  cut  in  the 
lower  log,  into  which  the  upper  one  fits.  It  is  not  usual  to  cut 
them  more  than  S'^  deep. 

Wooden  pillars  are  used  nearly  altogether  in  the  robbing  of  the 
ore  pillars  in  between  the  stopes.  These  ore  pillars  are  about  25' 
through  from  stope  to  stope.  A  space  is  cut  out  of  the  pillar, — 
about  9'  through  and  the  width  of  the  lens,  if  the  same  be  narrow — 
and  8'  high.  As  many  pillars  as  can  be  are  built  in  this  space, 
three  feet  always  being  left  between  them  for  walking  roads.  Some- 
times, instead  of  making  two  pillars  of  the  foregoing  dimensions, 
one  long  pillar  is  made  16'  x  8'.  The  inside  of  the  timber  pillar  is 
now  filled  with  loose  rock.  This  rock  steadies  the  pillar  and  takes 
the  bulk  of  the  weight  when  the  back  settles.  The  long  pieces  are 
called  "  edgers  "  and  the  shorter  ones  "  cross-pieces."  When  these 
pillars  are  securely  wedged  against  the  back,  the  machines  are  set 
to  work  again  and  a  space  similar  to  the  first  is  mined  out  and 
treated  with  pillars.  This  process  is  carried  on  the  width  of  the 
vein  and  breadth  of  the  ore  pillar  until  all  the  ore  in  the  latter 
rests  on  timber.  The  stopes  on  either  side  are  now  filled  with 
loose  rock  to  the  level  of  the  top  of  the  timber  pillars,  likewise  the 
spaces  in  between  the  pillars,  and  the  process  of  mining  out  and 
timbering  proceeds  as  before,  the  timber  pillars  having  as  their 
floor  the  tops  of  pillars  of  the  slice  below.  The  level  of  the  rock 
in  the  stopes  is  kept  up  to  the  bottom  of  the  timber  pillars. 

"  DOCKS." 

The  purpose  of  a  "dock"  is  to  hold  back  rock.  It  is  used 
where  loose  rock  Is  pouring  down  upon  the  track  and  so  stopping 
the  trams ;  likewise    in   filling    the    stopes,  as    before    mentioned. 

The  dock  is  a  simple  cribwork  like  the  timber  pillar.  Rock  is 
dumped  inside  and  then  the  running  rock  is  allowed  to  bank  up 
against  it  The  double  length  16'  is  more  usual  than  the  single  in 
docks.  To  save  timber  and  labour  the  inside  edgers  are  sometimes 
done  away  with,  the  ends  of  the  cross-pieces  resting  on  the  outer 
edger  and  on  the  sloping  pile  of  rock.  As  the  work  progresses,  a 
couple  of  men  shovel  down  rock  and  thus  keep  the  level  of  the  rock 
up  to  the  required  height  for  the  cross-pieces  to  rest  upon.  (See 
Fig.  5.) 

In  filling  the  stope  a  tunnel  must  be  left  for  the  trams,  hence 
on  both  sides  of  the  track,  docks  are  built  to  a  height  of  8'  and  are 
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filled  wltb  rock  in  and  behind.  A  double  layer  of  covering  poles, 
i"  in  dlEtmeter,  are  laid  across  from  one  dock  to  the  other  and  the 
whole  is  filled  over  with  rock.  It  Ib  considered  advisable  to  leave 
ample  space  overhead  In  the  tunnel,  because  the  pillars  sink  some- 
times three  teet  or  more,  owing  to  the  settling  of  the  rock  fllllng. 
It  Is  found  that  the  hanging-wall  side  settles  much  faster  than  the 
foot- wall  Bide. 

The  spaces  between  the  logs  are  stopped  up  with  "Dlllng  pieces," 
io  prevent  the  rock  from  coming  out  Into  the  tunnel. 


Mills  are  used  in  robbing  the  plllar«,  to  convey  to  the  level  be- 
Jow  the  ore  which  is  mined.  A  mill  might  be  called  the  converse 
of  a  timber  pillar.  It  is  crlbwork  built  up  like  the  other,  but  1b 
,  not  filled  with  rock.  Instead,  the  mill  Is  covered  with  cedar  lagging 
on  the  outside  and  Ilited  around  with  rock. 

The  mill  is  built  In  the  same  relative  position  to  the  tunnel  as 
the  dock.  As  the  ore  Is  taken  out  above.  It  is  dumped  Into  the 
mill,  coming  out  Into  a  tram  in  the  tunne]  by  means  of  a  chute. 

The  mills  are  made  either  single  or  double,  being  £'4"  i  5' 4", 
or  5' 4"  X  10'.  The  latter  is  the  more  usual  form,  one  compartment 
being  used  for  a  ladder  road,  the  other  to  dump  rock  down. 


SecUon  16  Sbatt-house.    Notice  the  b 


ThtB  is  a  typical  mill  chute.      Notice  the  extra  croBB-plece  for  the 
double-mill  ;  alBO  the  pike  and  tram-bar  beside  the  track. 
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Pilling  pieces  are  used  In  the  partition  of  tb«  double  mill  to  pre- 
vent rock  from  coming  Into  ladder-rood.  (See  Pig-  6.)  There 
1b  an  enormoua  wear  and  tear  on  the  mills  due,  to  the  tailing  ore, 
tience  the  soundeat  timber  is  used.  Hemlock  ts  preferred  owing  to 
its  tougbnesB. 

The  life  of  a  mill  Is  Tery  uncertain.  As  an  average,  a  mill  lasts 
tbree  months  wben  It  Is  worked  night  and  day  for  six  days  each 
week.  Wbat  happeoB  la  that  tbe  pieces  of  ore  cut  through  the  crib- 
bing pieces,  attacking  all  sides  of  the  mill  Impartially.  To  repair 
a  mill,  it  fs  lined  with  u'  f  x  6"  iron  plates  for  20'  down  and  then 
with  3*  planks.     The  wear  and  tear  depends  upon  the  height  of  the 


Fig.  6. 

mill,  the  kind  of  timber  and  the  nature  of  the  ore.     The  diameter  of 

the  pieces  of  timber  1b  from  10"  to  IS". 

It  la  customary  to  give  an  Inclination  of  15'  to  the  vertical,  to 
the  mill.  Id  order  to  break  the  tall  of  the  ore  and  bo  save  the  bot- 
tom boards  of  the  chute,  and,  Incidentally,  insure  safety  for  tram- 


The  chutes  that  empty  the  mills  are  2'  wide  at  the  smaller  end, 
widening  out  to  4'  and  covering  all  the  floor  space  of  the  milt.  They 
have  an  Inclination  of  45°,  the  mouth  Is  4' G"  from  the  track  and 
protrudes  1'  into  the  tunnel.  All  chutes  are  made  of  3"  k  S"  planks. 
Spaces  are  cut  out  of  the  cribbing  pieces  of  the  mill  to  permit  the 
chutes  to  be  made.  Chunks  of  ore,  8"  or  less  in  diameter,  can  get 
through  the  chute,  anything  larger  than  this  sticks  and  haa  to  be 
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"block-holed."  TbU  Is  to  be  avoided,  because  the  blasting  soon 
destroys  both  mill  and  chute.  (See  Photo  II.)  In  the  case  of  the 
square  chute,  the  ore  is  never  allowed  to  tall  directly  Into  the  chute 
from  any  height  over  S',  as  will  be  seen,  the  inclined  iaggiug  In 
each  set  acting  as  a  sort  of  chute. 

The  ore  is  kept  back  by  means  of  boards  Btttng  Into  allts  in  the 
sides  of  the  chute.  Sometimes  It  Is  hard  to  sead  these  planks  Into 
place  and  so  com  pi  i  cations  arise. 


When  it  le  necessary  to  take  ore  off  the  iHtck  of  a  high  atope, 
the  drllllng-macblne  has  to  be  raised  within  a  few  feet  of  the  place 
to  be  mined.  This  1h  done  by  raeana  of  staging.  A  stage  consietE 
of  three  ladders,  each  at  the  apex  of  an  equilateral  triangle  of  5' 
side.  The  ladders  are  Inclined  outwards  and  are  wedged  against 
the  back.  Planks  are  then  placed  on  the  rungs  of  the  ladders,  so 
as  to  make  a  platform.  The  machine  la  then  set  up  on  this  plat- 
form. At  the  best  It  la  a  very  shaky  affair  and  cannot  be  carried 
to  any  great  height ;  15'  being  considered  a  very  good  height  for 
the  platform  of  such  a  stage. 


In  this  mine  the  ladders  all  have  an  Inclination.  This  Inclina- 
tion tends  to  make  climbing  much  easier  and  safer.  The  poles  o( 
the  ladders  are  made  of  3"  x  5"  white  oak  scautilog.  The  rungs 
or  "staves"  are  either  of  white  oak  or  Iron,  the  former  being  Hi" 
In  diameter,  the  latter  %"  In  diameter.  Under  the. calked  boot^  ot 
the  miners  they  are  soon  worn  through  and  are  in  many  cases  lett 
too  long  for  safety. 

The  shaft  ladders  are  In  sections  of  20'.  The  aollars  are  IS' 
apart,  with  a  hole  In  each  large  enough  for  a  man  to  get  through 
with  ease.      The  end  of  the  ladder  protrudes  through  the  hole. 

The  ladders  In  other  parts  of  the  mine,  in  the  other  raises  tor 
iDfltance,  are  much  longer  and  are  made  by  bolting  together  two  or 
more  20'  lengths  with  scantling,  on  the  outside.  The  ladders  are 
always  spragged  securely  to  prevent  shaking. 

The  Bollars  are  a  great  means  of  safety  and  prevent  many 
serious  accidents,  especially  in  the  shaft,  where  it  Is  now  Impossible 
to  fall  more  than  20',  In  Ibe  ladder  road,  that  Is  to  say. 
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DISCUSSION. 

Mr.  E.  J.  Carlyle  asked  how,  in  a  system  of  square  setts  In  a 
large  vein,  timber  connections  were  made  between  levels.  The  sills 
and  timber  of  the  upper  level  would,  he  thought,  have  to  be  very 
carefully  approached,  and  he  wished  to  know  how  the  s»tts  of  the 
lower  level  were  connected  with  those  of  the  level  directly  a'oove. 

Mr.  Parlee  replied  that  in  connecting  up  timber  between  levels, 
it  was  considered  good  practice  to  have  sills  of  the  level  below,  i^n 
the  same  vertical  plane  with  those  above,  surveyed  and  laid  down 
accordingly,  but  In  carrying  up  the  setts  100  feet,  it  was  almost  im- 
possible to  go  up  straight  enough  to  have  post  match  with  post 
properly.  They  would  either  come  one  side  or  the  other  of  the 
vertical  plane  and  be  out  of  plumb  perhaps  a  foot  or  two.  Unless 
they  could  meet  the  upper  setts  exactly,  it  did  not  really  matter 
whether  the  sills  below  were  surveyed  or  not,  except  to  get  the 
general  direction  of  the  timber.  The  sills  of  the  upper  level  were 
caught  up  by  the  cross  timbers,  reaching  two  or  three  sills.  Little 
attempt  was  made  to  have  posts  of  lower  setts  directly  under  posts 
of  upper  setts.  Bulkheads  were  often  used  and  the  rock  must  be 
blasted  out  carefully  and  not  too  fast. 

Mr.  G.  Webster  asked  whether,  in  the  "Old  Ironsides'*  mine,  the 
"V"  shaped  chutes  did  not  run  the  full  length  of  the  slope  and  was 
answered  in  the  affirmative. 

Mr.  G.  O.  McMurtry  said  that  in  the  Queen  mine,  the  square  sett 
S3'^stem  was  only  used  underneath  the  hanging  wall.  Raising  and 
top  slicing  were  used  as  well. 

The  author  replied  that  the  square  sett  system  was  used  wherever 
the  ore  was  too  hard  to  cave  without  it.  It  was  not  the  intention, 
in  the  paper  to  discuss  all  the  methods  used  in  each  mine,  but  only 
those  especially  valuable.  Different  methods  might  be  used  under 
different  conditions. 

Mr  Webster  asked  if  in  Section  16  mine,  the  raises  for  chutes 
were  vertical  or  inclined? 

Mr.  Campbell  answered  that  the  chutes  were  inclined  at  an  angle 
of  15  degrees  to  the  vertical. 

The  Chairman  remarked  that  the  papers  had  covered  oi 
attempted  to  cover  a  very  important  part  of  the  mining  industry, 
and  a  great  deal  could  be  brought  out  by  a  more  detailed  discussion, 
and  he  sincerely  hoped  that  the  members  present  and  others  of  the 
Society  would  write  Mr.  Parlee,  Mr.    Campbell    or  himself,  asking 
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questions  and  bringing  out  differences  in  practice  in  different  mines.  Dr.  Port«r. 
The  Information  that  could  be  bo  secured,  would  add  considerably 
to  tile  value  of  the  papers. 

What  Mr.  Parlee  had  said  about  the  impracticability  of  exactly 

<:oimectiiig  the  timbering  of  adjoining  levels  held  true  in  all  parts 

of  the  mining  world.    The  theory  was  that  posts  in  successiye  level 

sboald  come  under  one  another,  and  in  certain  mines  th&t  he  had 

visited,  more  or  less  successful  attempts  had  been  made  to  do  this, 

but  in  most  cases,  the  method  described  by  the  author  had   to   be 

adopted.    As  Mr.  Parlee  had  said,  the  main  thing  was  to  see  that 

the  vertical  lines  were  kept  true  and  that  the  timber  was  put  in 

substantially.      Sometimes    comparatively    heavy    bulkheads    were 

used.   It  was,  of  course,  possible  to  survey  with  sufficient  accuracy 

to  have  the  posts  placed  perfectly  plumb  and  in  line,  but  this  was 

loo  troublesome,  and  it  was  still  more  troublesome  to  erect  great 

masses  of  setts  exactly  in  line  and  plumb,  especially  when,  as  was 

frequently  the  case,  there  was  movement  going  on  in  the  ore  body 

or  hanging  wall. 

The  criticism  made  by  Mr.  McMurtry  with  regard  to  the  Queen 
^iue,  he  thought,  was  correct,  but  Mr.  Parlee  had  correctly'  de- 
scrthed  the  method  employed  in  a  considerable  part  of  the  mine, 
*od  had  mere  omitted  to  discuss  other  methods  also  in  use  there  in 
different  ground. 


General  Section. 

President — G.  A.  Mountain. 
Vice-President — W.  McLea   Walbaxk. 

A  meeting  was  held  Thursday,  March  3,  1904,  and  a  discussion 
took  place  on  Mr.  J.  A.  Jamleson's  paper  on  **Grain  Pressures  in 
Deep  Bins."     (See  Vol.  XVII.     Part  2.) 

A  Business  Meeting  of  the  Society  was  held  on  Thursday,  March 
10,  1904,  Mr.  Walbank  in  the  chair.  The  following  presentation  to 
the  library  was  reported:  — 

"De  Pontibus,"  by  Waddell,  presented  by  Mr.  J.  A.  McMillan, 
M.  Can.  Soc.  C.  E. 

At  the  close  of. the  business  meeting  the  discussion  on  Mr.  J.  A. 
Jamieson's  paper  was  concluded.      (See  Vol.  XVII.  Part  2.) 


i\\ 


Mechanical  Section. 

Thursday,  March  17,  1904,  Mr.  K.  W.  Blackwell  in  the  chair. 
The  following  paper  was  read  by  the  author: — 

PAPER  No.  206 

THE   HYDRAULIC  DREDGE   "J.   ISRAEL  TARTE." 
By  A.  W.  Robinson,  M.  Can.  Soc.  C.  E. 

This  dredge  was  placed  in  service  in  June,  1902,  in  deepening  the 
channel  through  Lake  St.  Peter  in  the  River  St.  Lawrence.  As  it 
involves  some  new  features  both  in  design  and  mode  of  operation, 
and  has  achieved  a  remarkable  result,  a  detailed  account  of  the 
dredge  and  of  the  work  on  which  it  is  engaged  will  be  of  interest 

The  author  has  purposely  refrained  from  publishing  an  earlier 
account  of  it,  preferring  to  wait  until  it  has  been  thoroughly  tested 
in  service,  and  the  results  made  available.  The  present  paper  will 
deal  with  the  conditions  leading  up  to  the  construction  of  this 
dredge,  a  description  of  the  dredge  itself,  and  a  statement  of  the  re- 
sults accomplished. 

The  Lake  St.  Peter  Channel  is  part  of  the  improvement  in  navi- 
gation of  the  River  St.  Lawrence  between  Montreal '  and  Quebec 
This  work  has  for  its  aim  the  passage  of  ocean  vessels  to  Montreal, 
making  that  city  the  point  of  trans-shipment  of  the  inland  lake  and 
rail  traflac  by  the  St.  Lawrence  route  to  the  sea.  This  section  of  the 
river  is  IGO  miles  long  between  the  cities  named,  of  which  about  60 
miles  is  dredged  channel  in  about  20  different  places. 

The  kind  of  material  met  with,  varies  in  the  different  localities 
from  soft  clay  to  slate  rock  and  stones.  The  dredging  machines; 
therefore,  must  be  different  in  their  character  for  the  different  sec- 
tions of  the  work. 
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The  original  least  depth  of  water  In  the  channel  wa3  10  ft,  this 

wing  the  nearly  uniform  depth  on  the  flats  of  Lake  St.  Peter,  which 

a^shallow  expansion  of  the  river  about  9  miles  wide  by  18  miles 

*».     The  bottom  here  is  of  blue  clay  of  a  varying  degree  of  soft- 

»  ^ith  some  sand  and  stones  in  places. 

or  the  Information  of  those  unfamiliar  with  the  subject,  the  fol- 
ng  table  of  the  successive  stages  of  water  attained,  and  the  dates 
of  completion,  is  appended. 

^'^Slnal  depth  of  water  in  channel 10  ft. 

^''^^ging  commenced  in  1832. 

^Ptb  completed  in  1853 16 

^Pth  completed  in  1858 18 

^^Pth  completed  in  1865 20 

^I»th  completed  in  1878 22 

^®I^th  completed  in  1882 25    " 

^^Pth  completed  in  1888 27J  ** 

^Pth  now  nearly  completed 30   " 

Tie  fact  that  this  great  work  was  commenced  In  1832  and  prose- 
cuted with  more  or  less  continuity  ever  since,  is  eloquent  testimony 
alike  to  the  Importance  of  the  work  and  to  the  energy,   pluck   and 
perseverance  of  those  early  pioneers  who  so  boldly  faced  a  work  of 
such  stupendous  magnitude  with  the  primitive  appliances  and  slen- 
der financial  resources  which  they  then  possessed.       It  is  indeed 
a  fortunate    fact    that    all    this    early    work    still    remains  to  the 
good,  and  that  the  character  of  this  noble  river  is  such  that  its  bed 
Is  practically  unchangeable.    In  this  respect  it  is  unlike  the  alluvial 
Mississippi,  which  requires  a  fleet  of  ten  powerful  dredges  to  main- 
tain the  channel.      It  is  strange  that  in  the  public  mind,  unacquaint- 
ed with  the  facts,  there  exists  a  widespread  impression  that  much  of 
this  dredging  is  of  a  temporary  nature  and  that  it  must  naturally  fill 
in  again.     This  is  entirely  erroneous.     The  geological  formation  is 
Buch  that  there  is  practically  no  erosion  of  the  banks,  and  the  bed 
ot  the  river  is  composed  of  various  kinds  of  material,  some  of  which 
is  very  dlfllcult  to  dredge,  and  all  of  which  (with  the   exception    of 
one  or  two  unimportant  places  where  sand  occurs)  remains  in  place. 
Surveys  and  soundings  made  sixty  years  ago  correspond  closely  with 
those  of  the  present  day^      The  work,  therefore,  is  permanent. 

The  size  of  ships  using  the  St  Lawrence  route  has  steadily  in- 
leased  and  has  at  all  times  been  fully  up  to  the  limit  of  the  depth 
of  water,  in  a  paper  on  "The  Economy  of  Large  Ships,'*'  read  by 
*^e  author  before  the  Society  in  1902,  he  pointed  out  that  when  the 
^  t,  channel  of  the  St.  Lawrence  was  completed,  it  could  be  navi- 
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^ted  by  a  veeael  520  ft  long,  61  ft.  beam  and  12,000  tons  dtad  weight 
:arr]rlng  capacity  (or  about  20,000  tons  displacement),  and  that  the 
economy  of  such  a  vessel  was  nearly  double  that  of  a  vessel  of  5.000 
oos  dead  weight.  It  follows  that  a  larger  vessel  would  be  still 
nore  economical,  the  limitations  being  only  depth  of  channels, 
capacity  of  harbours  and  facilities  for  furnishing  and  btudling  large 
'argoea. 

In  the  same  paper  he  pointed  out  that  a  greater  degree  of  safety 
ind  Immunity  from  accident  would  be  obtained  by  a  large  vessel 
ban  several  small  ones  of  equal  capacity.  One  of  the  reasons  for 
his  Is  that  a  large  vessel,  such  aa  we  have  under  consideration,  will 
isually  be  commanded  by  higher  salaried  and  more  competent  offl- 
era  than  a  smaller  ship  or  tramp  vessel.  This  means  that  the 
ccldents,  due  to  ignorance  or  negligence,  and  which  may  be  classed 
s  avoidable,  will  be  reduced.  There  are  also  risks  of  the  sea.  which 
nay  be  classed  as  unavoidable.  These  will  also  be  less  with  a  large 
hip  than  with  a  small  one,  tor  the  reason  that  the  large  ship  does 
be  work  of,  say,  three  small  ones,  or.  in  other  words,  carries  as 
inch  cargo  in  one  voyage  as  the  smaller  vessel  will  do  In  three. 
lonsequently,  the  risk  from  unavoidable  disasters  Is  one-third  In 
olnt  of  time  of  exposure  to  such  disasters  for  a  given  amount  of 
□mmerce,  and  furthermore  the  large  ship  Is  mo're  staunch  and  seit- 
rorthy,  and  thus  better  able  to  withstand  the  stress  of  the  sea. 

The  assertion  that  letter  paid  and  more  skilful  officers  and  crew 
I  a  vessel  carry  with  them  greater  Immunity  from  accident.  Is 
3rne  out  by  the  history  of  the  lines  coming  to  Montreal,  as  com- 
iratlvely  few  accidents  happen  to  the  large  and  well-appointed 
'gular  liners  whose  officers  and  crew  are  experienced  In  the  ser- 
ice.  The  majority  of  the  accidents  are  those  wbicb  hare  bap- 
;ned  to  the  smaller  class  of  vesseis,  and  are  due  either  to  tnei- 
srience  or  negligence. 

In  pursuit  of  great  economy  and  money-making  capacity,  the 
le  of  vessels  is  ever  on  the  Increase,  Hence  the  necessity  for 
eeper  channels  and  greater  facilities  for  handling  of  cargoes.  Many 
essels  are  In  use  larger  than  the  size  atove.  and  the  limit  of  depth 
ir  a  flrst-clasa  ocean  port  Is  now  from  35  to  40  feet 

The  condition  ot  the  St.  Lawrence  ship-channel,  In  1001,  was  that 
le  much-to-be- desired  30-foot  stage  of  water  was  still  some  distance 
I.  There  remained  some  2B  millions  of  cubic  yards  to  be  dredged. 
1)  and  the  fleet  of  six  large  dredges  were  removing  it  at  the  r«te 
'.  about  2i  million  yards  per  season    ('2).      In  order  to  meet   the 
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demands  of  commerce  and  to  complete  the  30-foot  stage  as  early  as 
possible,  it  was  evident  that  something  must  be  done  to  hasten  the 
work  A  large  part  of  the  balance  remaining  to  be  done  lay  in  the 
soft  clay  of  Lake  SL  Peter. 

The  existing  channel  through  the  lake  was  300  feet  wide  in  the 
straight  portion,  and  27}  ft  deep  (or  26.1  at  new  datum  of  extreme 
low  water.  See  Note)  and  about  18  miles  long.  The  immediate 
work  to  be  done  was  deepening  to  30  ft.  and  widening  to  450  ft  To 
allow  a  little  margin  the  actual  cut  taken  out  in  the  deepening  was 
about  5  ft,  and  the  thickness  of  cut  in  the  widening  was  18  ft  to  20 
ft  In  the  hends  the  width  increases  to  700  ft  The  total  volume  to 
be  removed  to  accomplish  the  deepening  and  widening  in  Lake  St 
Peter  alone  was,  therefore,  in  the  neighborhood  of  15,000,000  cubic 
yards.  To  remove  this  at  a  much  more  rapid  rate  than  was  here- 
tofore possible,  the  then  Minister  of  Public  Works,  the  Hon.  J.  Israel 
Tarte,  after  investigating  the  subject,  resolved  on  the  adoption  of 
the  hydraulic  type  of  dredge,  and  the  writer  was  commissioned  to 
design  a  dredge  that  would  have  a  working  rate  of  2,000  cu.  yards 
per  hour. 

These  instructions  were  given  in  February,  1901,  and  it  was  de- 
sired, if  possible,  that  the  dredge  should  be  in  operation  by  the  end 
of  August  of  the  same  year. 

The  conditions  which  presented  themselves  were  as  follows: 
A  channel  26  ft  deep  at  low  water,  about  3G0  ft  wide  in  the 
straight  part  and  600  ft  in  the  bends,  and  18  miles  long,  with  10  ft 
to  12  ft  of  water  on  the  banks.  The  section  to  be  removed  was  that 
due  to  deepening  the  present  cut  5  ft.  and  widening  it  150  ft,  and 
material  blue  clay  of  a  varying  degree  of  softness  with  some  sand 
and  stones  in  places. 

The  dred^re,  therefore,  must  fulfil  the  following  conditions  :  — 

1.  It  must  be  able  to  make  a  cut  700  ft  wide  at  one  time  and  5 
ft  to  10  ft  thick  at  one  cut 

2.  It  must  leave  a  clean  and  level  bottom  and  cut  mechanically 
the  entire  area,  as  the  material  is  blue  clay  and  will  not  run  or  wash 
like  sand. 


"Sam.  Tliis  work  to  1S97  was  done  to  ordinary  low  water  datum.  Since  that  date  a  new 
'iatnm  1.4  ft  lower  has  been  established,  which  corresponds  to  extreme  low  water,  a  .stage  that 
buonly  onee  been  reached  in  many  years.  The  new  channel  of  30  ft.  is  therefore  3.9— or  say 
4ft— -deeper  than  the  27^  ft.  channel.  In  all  onlinary  seasons  and  except  for  a  few  weeks  in 
tbefall  of  the  year  the  depth  of  water  is  2  to  .5  ft.  above  low  water,  so  that  a  vessel  of  SO  ft. 
xtnal  draft  can  iwfely  navipite  the  30  It.  channel  except  for  a  few  weeks  in  the  fall  of  the  rear 
>f  ibe  Bruon  should  be  a  dry  one. 
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3.  It  must  deliver  the  material  sufficiently  far  to  one  side  of  tbe 
channel  lo  avoid  any  risk  of  wasbing  back  again. 

4.  The  floating  pipe-line  must  be  so  arranged  that  it  will  freely 
permit  of  the  movements  of  the  dredge,  and  Ifaat  it  will  wltbstsiid 
tbe  winds  and  waves  ifue    to    tbe    kcallCy,    which    are  severe  at 

5.  Tbe  dredge  must  be  so  worked  tbat  it  will   not  obstruct  the 
,  channel  for  passing  ship?. 

G.  Tbe  anchorage  and  movements  of  the  dredge  must  be  so  ar- 
ranged that  tbe  feed  will  be  continuous  and  uniform, 

7.    The  capacity  to  be  a  working  rate  of  2.0iJ0  en.  yards  iier  hour 

S.  The  dredge  muEt  bave  ample  coal  supply  and  provision  for  a 
double  crew. 

The  dredge  "  J.  Israel  Tartc  "  waa  designed  to  tulfll  the  above  re- 
quirements and  was  built  by  the  Poison  Iron  Works,  of  Toronto. 
Ont.  and  delivered  and  tested  in  October,  1901.  The  contract  price 
was  tl63,SU0.  This  price  did  not  include  the  discharge-pipe  nor 
winches,  which  at  the  time  the  contract  was  placed,  were  not  de- 
signed. In  point  of  fact,  when  the  contract  was  placed,  nothing  of 
'the  detail  shop  drawings  of  the  dredge  were  made,  nor  any  patterns 
available.  In  order  to  save  time  the  contract  was  based  on  a  gen- 
eral speciflcation  and  outline  design,  leaving  the  details  to  he  sup- 
plied afterwards  as  the  work  progressed.  All  drawings  and  pat- 
terns of  every  detail  of  the  dredge  were  specially  prepared  and  all 
material  specially  ordered,  and  the  time  which  elapsed  between  com- 
mencement of  the  drawings  and  patterns  and  the  testing  of  the 
dredge  under  steam  was  eight  months. 

Before  describing  tbe  new  dredge,  brief  reference  will  he  made  to 
the  existing  fleet  of  dredges  and  a  statement  given  of  the  record  al- 
ready established  by  them  on  Lalie  St.  Poter, 

The  fleet  of  dredges  previously  existing  and  engaged  on  the  ship- 
channel  l)etween  Montreal  and  Quebec  comprises  six  elevator 
dredges,  which,  taking  bard  and  soft  material  together,  look  out 
2,479  385  cubic  yards  in  the  fiscal  year  ending  June  30,  1901.  at  a 
total  cost  of  tl28,25y.l7,  or  an  average  of  S.lc,  per  cubic  yard.* 

These  dredges  have  been  brouRht  to  a  high  state  of  efBclency.  and 
are  the  Improved  development  of  tbe  early  dredges  on  the  work,  the 
first  of  which  was  imported  from  Scotland  in  1832. 

Tbe  work  done  on  Lake  St.  Peter  by  the  elevator  dredges  may  be 
illustrated  by  the  "Aberdeen."  This  dredge  is  illustrated  In  Fig.  1- 
The  buckets  have  a  capacity  of  one  cubic  yard  each,  and  can  work 
to  a  depth  of  id  ft.      Small  wooden  barges,  holding  300  cu.  yds.  each, 
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are  used  to  take  away  the  spoil,  and  one  tug  suffices  to  do  the  work, 
gQing  out  with  one  barge  while  the  other  is  being  filled,  making  a 
round  trip  of  about  1  mile  in  about  15  minutes. 

This  dredge  worked  in  Lake  St  Peter  for  a  short  time  in  1901, 
and  dredged  120,600  cu.  yards,  in  21  days  at  a  cost  of  $3,054.88,  or 
2,53  cts.  per  cu.  yd.  The  actual  working  time  was  246  hours,  giv- 
ing an  average  output  of  490"  cu.  yds.  per  hour. 

The  new  hydraulic  dredge,  having  a  proposed  capacity  of  2,000  cu. 
yds.  per  hour,  would  therefore  be  called  upon  to  accomplish  results 
much  larger  in  quantity  than  anything  that  had  been  done  before  on 
the  work. 

As  far  back  as  1886  one  of  the  elevator  dredges  then  in  use  made 
a  record  which  stood  alone.  This  was  made  by  dredge  "No.  9" 
which,  while  working  in  Lake  St  Peter,  accomplished  886,710  cu. 
yds.  at  a  cost  of  $25,723,  or  2.9  cts.  per  cu.  yd.  (*1.) 

The  excellent  work  already  done  by  these  dredges  rendered  the 
task  of  improving  upon  them,  by  the  proposed  hydraulic  dredge,  the 
more  difficult  The  records  for  economy  already  cited,  which  were 
made  by  dredges  **No.  9"  and  "Aberdeen,*  were  indeed  hard  to  sur- 
pass, and  have  been  rarely  surpassed  by  any  dredges  in  the  world. 
The  new  dredge  would  be  more  costly  than  its  predecessors,  and 
manifestly,  unless  it  could  show  considerably  better  results,  not  only 
in  quantity,  but  in  economy,  would  not  fulfil  the  expectations  con- 
cerning it 

It  was  recognized  that  a  hydraulic  dredge  of  this  type  is  a  special 
tool,  that  is  to  say,  it  would  not  be  capable  of  doing  the  variety  of 
work  that  the  elevator  dredge  can  do,  or  work  in  very  bar's  material. 
Nevertheless  the  magnitude  of  the  work  in  Lake  St.  Peter  alone,  and 
other  places  where  suitable  material  exists,  was  sufficient  to  justify 
the  construction  of  the  dredge. 

The  state  of  the  art  of  building  large  hydraulic  dredges  at  this 
time,  showed  that  it  was  possible  to  employ  pumps  of  large  power 
and  capacity,  and  to  deliver  material  through  floating  pipe-lines  to 
a  distance  sufficient  to  meet  the  conditions  of  the  present  case.  The 
great  dredges  of  the  Mississippi  River,  (several  of  which  were  de- 
signed by  the  writer)  contributed  much  useful  data  and  exper- 
ience. {*2). 

There,  dredges  were  able  to  maintain   a   capacity  of  1500  to  2000 

(*!•)  See  Uep<irts  Harbour  Conaiiiissioners  of  Montreal  li>S».5  p.  SO.  Tliis  cost  incliule.s 
iterating  expciis<-8  o(  every  kind,  scow  and  tug  service  and  reimirs,  but  not  interest  or 
<iq'rwiatioii. 

('2.)  Ser*  Trans.  Am.  Sor.  C.  E.,  Dec.  1SP8.  "Dredges  and  DrcMginj;  on  tlie  Mipsissij-pi," 
jy  J.  A.  Ockerson,  C.  E.,  for  a  full  Account  of  these  dred<;eH  at  tliat  date.  Much  further 
'Jerelopment  has  since  taken  place,  of  which  no  full  account  has  been  published. 
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cu.  yds.  per  hour  deposited  1000  ft.  The  material  was  sand,  the 
depth  10  to  18  ft.,  and  the  cut  made  was  a  ahallow  trench  by  etralgbt 
forward  feed.  Sand,  however,  !a  easier  to  dredge  thaa  clay,  and 
these  MissiHSlppi  dredges  only  worked  to  half  the  depth  and  depos- 
ited the  material  at  half  the  distance  which  would  be  required  on 
St  Lawrence.  Furthermore,  the  Mississippi  dredges  only  made  a 
cut  30  ft.  wide  at  one  time,  whereas  It  was  here  required  (o  make  a 
cut  TOO  ft.  wide.  It  was  necessary,  therefore,  to  adopt  a  lateral  feed 
instead  of  a  straight  forward  feed,  and  also  to  apply  mechanical  ex- 
ijavatlon  which  would  cover  the  ground.  No  hydraulic  dredges  bad 
aone  any  successful  work  In  clay,  and  attempts  In  this  material  had 
been  abandoned  on  account  o(  the  clogging  up  of  the  apparatus.  No 
axamples  existed  of  long  distance  pipe-line  dredges  of  large  size 
which  made  wide  cuts.  Large  dredges  in  America  which  discbarged 
hrough  pipe-line  either  anchored  by  spuds  making  a  radial  cut,  or 
by  mooring  lines,  making  a  straight  forward  feed.  Sand-pump  hop- 
per dredge  practice  of  European  designs  ottered  no  useful  points. 
Here  was,  then,  the  necessity  for  a  new  application  ot  the  hydraulic 
principle  ot  dredging,  the  points  o(  novelty  being,  let.  the  lateral 
feed  ot  TOO  tt  width,  while  discharging  to  a  long  distance  through  a' 
pipe-line  adapted  to  such  movement ;  2nd,  cutting  mechanically 
aver  every  toot  of  the  ground  in  blue  clay,  and  to  do  this  without 
clogging  ;  3rd.  the  construction  of  a  pipe-line  that  would  be  capable 
of  standing  some  stress  of  weather  and  wave-action. 

To  this  extent,  therefore,  this  dredge  was  experimental,  and  the 
present  paper  will  describe  the  result  of  the  experiments  and  the 
methods  adopted  to  Improve  the  detail  parts  after  testing.  The 
writer's  observation  of  the  elevator  dredges  In  Lake  St  Peter  led 
blm  to  conclude  that  here  was  a  clay  deposit  which  could  be  worked 
successfully  by  the  hydraulic  method  if  the  proper  apparatus  for 
cutting  or  digging  it  were  employed.  The  clay  la  of  a  soft  unctuous 
lature,  sometimes  partly  sillclous,  bluish  in  color  and  of  a  character 
uitable  for  brlckmaklng,  or  pottery.  It  dumps  well  from  the  buckets 
>f  a  ladder  dredge  and  alidea  readily  down  the  chute  Into  the  barges 
in  chunks,  frequently  the  whole  size  of  the  bucket  and  showing  the 
markings  of  the  rlveta.  The  problem  In  the  new  hydraulic  dredge, 
Iherefore,  was  to  cut  this  clay  regularly  and  uniformly  and  feed  It 
into  the  mouth  of  the  suction  pipe  without  clogging.  Once  there.  It 
would  slide  freely  along  and  be  discharged  without  difficulty,  and  by 
making  the  pipe  of  large  diameter  and  the  pump  with  passages  of 
large  section,  the  clay  could  go  through  in  lumps  even  more  readily 
;han  sand  or  finely  divided  material  of  like  nature,  which  would  tend 
:o  precipitate.  Thus  the  hydraulic  apparatus  Is  used,  not  (or  dredg- 
ing, but  for  purposes  of  transportation  only. 
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In  considering  the  question  of  capacity,  the  dredge  was  designed 
to  have  a  theoretical  rate  of  3,000  cu.  yds.  per  hour,  and  it  wa» 
deemed  that  this  would  be  sufficient  to  give  a  working  rate  of  2,000' 
jards  per  hour,  including  the  delays  incident  to  regular  work,  but 
not  coanting  delays  from  exceptional  causes,  storms  or  repairs.  This 
rate  required  a  section  of  cut  5  ft  by  6  ft  by  a  feed  of  45  ft  per 
minute,  equal  to  3,000  cu.  yards  per  hour.  It  was,  therefore,  necess- 
ary to  provide  a  cutter  capable  of  dealing  with  that  section  and  with 
plenty  of  margin  to  spare,  and  to  provide  means  for  feeding  it  450  to- 
7*^)  ft  across  the  channel  at  the  required  rate.  As  this  involved 
traversing  the  entire  dredge  broadside  at  that  rate,  and  dragging  the 
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semi-submerged  pipe-line  after  it,  the  power  required  for  this  pur- 
pose would  be  quite  large,  and  produce  a  corresponding  necessity  of 
providing  strong  anchorage  to  the  mooring  lines,  by  which  the  tra- 
versing movement  was  to  be  effected. 

In  considering  the  movement  of  the  pipe-line  attached  to  the 
dredge,  advantage  was  taken  of  the  fact  that  there  is  a  more  or  less 
constant  current  of  i  to  i  mile  per  hour  in  the  lake.  This  is  due  to 
tiw  discharge  of  the  river,  and  is  modified  by  winds  and  sometimes 
by  tides  to  a  scarcely  appreciable  extent  The  tidal  variation  at 
Quebec,  110  miles  below,  is  9  to  15  ft,  but  this  gradually  becomes  less 
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on  ascending  the  river  until  it  becomes  lost  at  the  lower  end  of  the 

lake.  The  current,  therefore,  causes  the  pipe-line  to  assume  a  caten- 
ary curve  of  varying  tightness  according  to  the  travel  of  the  dredge. 
This  is  shown  by  Fig.  2,  which  is  a  diagram  showing  the  movement 
of  the  dredge  and  the  relative  position  of  the  pipe-line. 

The  current,  therefore,  was  employed  to  deflect  the  pipe-line  to 
the  form  of  a  loop  having  slack  enough  to  permit  the  dredge  to  tra- 
verse 450  ft  In  order  to  utilize  the  current  for  this  purpose,  and  at 
the  same  time  render  the  pipe-line  less  'exposed  to  the  wind  and 
waves,  it  was  designed  to  be  two-thirds  submerged.  The  weight  of 
a  large  steel  pipe  filled  with  water  and  mud  is  very  great  and  would 
require  very  large  pontoons  to  carry  it  in  the  air,  but  by  partially 
submerging  it  the  buoyant  power  required  is  much  reduced. 

The  form  of  pipe-line  adopted  is  that  of  a  central  conduit,  36  in. 
<liam.,  carried  by  two  cylindrical  pontoons   or   air   chambers  42  in. 


CROSS  SECTION  OF  FLOATING  PIPE  UNE 
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•diam.,  the  three  being  bound  together  by  truss-frames  clamped  upon 
them  as  shown  in  Fig.  3.  In  this  way  no  bolts  or  rivets  are  put  into 
the  air  chambers,  and  they  may  be  readily  taken  apart. 

The  pipes  were  made  up  in  100  ft.  sections  and  four  sections  of 
50  ft.  w^ere  made  with  the  idea  of  putting  them  in  that  part  of  the 
pipe  where  greater  flexibility  was  required.  It  was  found,  however, 
that  these  50  ft.  pipes  did  not  stand  the  sea  as  well  as  the  100  ft 
sections,  and  that  moreover  sufficient  flexibility  could  be  had  without 
them.  They  were  accordingly  joined  together  and  converted  into 
100  ft.  sections. 

The  joints  connecting  the  100  ft  sections  were  at  first  made  by 
uniting  them  with  a  forged  steel  pin-connection  over  the  rubber 
sleeve,  thus  relieving  the  rubber  sleeve  of  all  strain  due  to  tension  of 
the  pipe  and  permitting  the  required  angular  movement  These  joints 
were  not  strong  enough  and  were  found  to  be  too  rigid  in  wave  action, 
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draw-bar,  and  the  whole  arrangement  is  built  in  the  very  strongest 
manner  of  steel,  and  each  joint  is  strong  enough  vertically  to  carry 
lialf  the  entire  weight  of  a  pontoon  upon  it.  In  other  words,  should 
the  entire  buoyancy  be  removed  from  one  pontoon  for  50  ft  of  its 
length  by  the  trough  of  a  wave,  its  weight  could  be  rested  upon  the 
.adjoining  pontoon  with  safety. 

This  pipe-line  has  now  been  tested  during  the  working  season  of 
1903,  and  no  breakage  or  failure  of  these  joint  connections  has  oc- 
curred, neither  does  the  ball-and-socket  arrangement  show  apprec- 
iable wear. 

The  elevator  dredges  which  are  used  on  the  lake  load  into  barges 
and  can  work  in  a  moderate  sea,  but  have  to  stop  work  when  the 
surging,  of  the  barge  against  the  dredge  becomes  too  great.  It  was 
predicted  that  a  flexible  pipe-line  could  never  be  made  a  success  in 
X«ake  St.  Peter,  as  it  would  be  impossible  to  maintain  it  in  the  waves 
and  that  more  time  would  be  lost  on  account  of  weather  than  is  the 

case  with  the  elevator  dredges.  As  a  matter  of  fact  the  position  has 
been  reversed,  and  with  improved  steel  connections  the  dredge  suffers 
less  delays  on  account  of  the  weather  than  the  barge-loading  dredges. 

In  order  to  provide  flexibility  of  the  pipe  at  the  point  of  leaving 
Ihe  dredge  a  swivel  elbow  is  employed,  and  the  first  length  of  pipe 
is  short  and  connected  to  the  elbow  by  a  pair  of  hinges.  The  axis 
of  the  hinges  is  horizontal  while  that  of  the  swivel  elbow  is  vertical; 
thus  the  movement  of  the  pipe  is  universal.  The  pipe  leaves  the 
-dredge  on  the  corner  in  order  to  permit  the  pipe  to  radiate  from  the 
dredge  at  any  angle  through  three-fourths  of  a  circle.  The  horizon- 
tal hinges  at  the  swivel  elbow  will  permit  the  main  pontoons  to  have 
a  vertical  or  wave-movement  of  5  feet. 

At  first  the  discharge-pipe  left  the  dredge  through  the  stern  near 
the  centre  of  its  width,  it  being  supposed  that  the  pipe  would  always 
drift  downstream  with  the  current,  or  could  be  anchored  in  that  pos- 
ition. Such,  however,  proved  not  to  be  the  case,  as  a  strong  wind 
astern  would  temporarily  deaden  the  current  and  cause  the  pipe  to 
drift  upstream.  The  position  of  the  point  of  leavihg  the  dredge 
was  therefore  changed  to  that  shown  on  the  plans,  ^with  a  swiviel  el- 
bow which  permits  it  to  radiate  at  any  angle  through  three  quarters 
of  a  circle.  This  arrangement  is  entirely  satisfactory.  No  anchor- 
age is  used  at  any  intermediate  point  of  the  pipe.  It  is  attached  at 
one  end  to  the  dredge  and  at  the  other  by  a  short  cable  to  a  scow, 
the  entire  2  000  ft.  being  free  to  drift  as  it  pleases.  The  scow  is 
fitted  with  a  steam  winch,  by  which  its  own  anchorage  is  controlled. 
It  has  two  anchors  with  wire  cables,  \\  in.  diam.  and  2,000  ft.  long. 
These  can  be  hauled  in  and  paid  out  as  required,  and  this  movement 
rserves  both  to  distribute  the  material,  to  avoid  piling  up  above  the 
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pensioQ  tai^kle  la  formed  of  two  Bets  of  heavy  wire  rope  tackle;  the 
diameter  of  the  ropes  being  1|  In.  The  Bheaves  are  of  cast  ateel 
with  turned  grooves  and  brasa  busblngs.  The  hauling  parts  of  this 
tackle  in  this  way  pass  direct  to  the  drum  of  the  winch  without  the 
intervention  of  any  Idler  sheaves  as  would  be  the  case  if  the  winch 
were  located  beldw  the  deck.  This  arrangement  has  the  further  ad- 
vantage of  getting  this  wlncb  out  of  the  hull  where  It  would  occupy 
valuable  space. 

The  main  engines  are  of  the  triple  expansion  marine  type,  having 
cylinders  20  in.,  31  In.  and  50  In.  diam.,  by  25  in.  stroke.  They  are 
adapted  to  run  at  150  revolutions  per  minute,  with  150  lbs,  of  steam. 
The  engine  room  Is  provided  with  a  complete  outQt  of  all  the  usual 


MAIN  ENOINES  AND  PUMP. 


accessories  Including  air  pump,  feed  pump,  surface  condenser,  heater. 
bilge  pumps,  etc. 

The  material  is  excavated  by  an  Improved  rotary  cutter,  9  ft  6in. 
diam..  by  9  ft  long,  the  weight  of  which  is  10  tons.  It  Is  formed  of 
steel  blades  witb  speclaiiy  designed  clearance  spaces  between  them. 
so  an  to  avoid  clogging  with  the  material  and  the  suction-pipe  and 
passages  through  the  pump  are  made  very  large  tor  the  same  reason. 
Tbe  cutter  is  driven  by  a  pair  of  engines  placed  on  top  of  the  suction- 
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pipe  at  the  upper  end.  These  engines  are  of  the  double  tandem  type 
of  300  I.  H.  P.  They  are  of  the  most  substantial  description  with  all 
bearing  surfaces  extra  large  for  continuous  heavy  duty.  The  gear- 
ing and  power  transmission  for  these  engines  is  of  exceptional 
strength  and  capable  at  all  times  of  encountering  immovable  resist- 
ance with  full  head  of  steam  on  the  engines  without  risk  of  break- 
age. The  main  gearing  driving  the  cutter  is  of  cast  steel  5  In.  pitch 
and  13  in.  face.  It  is  worthy  of  note  that  during  the  whole  two  sea- 
sons that  this  dredge  has  been  in  service  no  breakage,  or  failure  of 
any  kind,  has  occurred  to  any  part  of  the  suction-pipe,  cutter,  or  cut- 
ter-driving apparatus.  This  is  due  to  the  exceedingly  substantial 
character  of  the  design  and  construction,  and  the  direct  manner  in 
which  the  strains  are  met ;  also  to  the  fact  that  the  engines  are  the 
weakest  part  and  can  be  stalled  at  any  time  with  safety. 

Steam  is  furnished  by  four  boilers,  having  collectively  8,500  sq. 
ft.  of  heating  surface,  and  adapted  for  working  pressure  of  160  lbs. 
There  is  coal  bunker  capacity  of  200  tons. 

The  main  pump  is  of  the  centrifugal  type,  having  cast  steel  run- 
ner of  enclosed  type  and  heavy  cast  iron  shell.  The  blades  of  the 
runner  and  the  heads  of  the  pump  are  protected  by  renewable  steel 
wearing  plates  in  the  shell.  This  shell  is  exceedingly  heavy  so  that 
it  can  stand  a  considerable  amount  of  wear  before  it  begins  to  fail, 
and  it  is  also  so  designed  that  the  stream  of  material  issuing 
from  the  runner  does  not  strongly  impinge  upon  it  at  any  one  point. 
In  this  way  the  tendency  to  wear  is  greatly  reduced  as  compared  with 
ordinary  pumps.  The  original  pump  with  all  its  parts  is  still  in  use 
and  in  good  condition,  after  two  years  of  service. 

The  whole  of  the  operations  of  the  dredge  are  controlled  from  the 
pilot-house  on  the  upper  deck.  Here  are  located  the  levers  for  both 
the  bow  and  stern  anchorage  winches  and  the  lifting  winch  for  the 
suction-pipe  ;  also  a  system  of  bells  and  signals  to  the  engine  room. 
The  pilot-house  is  so  placed  that  the  operator  has  an  unobstructed 
view  up  and  down  the  river  ;  also  of  the  entire  discharge-pipe.  It 
is  necessary  for  the  dredge  to  get  out  of  the  channel  to  enable  ves- 
sels to  pass.  For  this  purpose  the  operator  causes  the  dredge  to  re- 
main on  that  side  of  the  channel  on  which  the  discharge-pipe  is  sit- 
tiaied  and  slackens  out  the  breasting  lines  on  the  opposite  side  so 
that  they  rest  upon  the  bottom. 

The  dredge  is  fitted  with  complete  quarters  for  a  double  crew  of 
36  men,  or  18  men  on  each  shift  The  dredge  works  continuously 
from  Sunday  night  till  Saturday  night  each  week,  without  stopping, 
except  when  necessary.  Several  runs  have  been  made  of  five  or  six 
<Jay8  without  a  stop  of  the  main  pumping  engines,  the  only  interrup- 
tion being  the  pause  in  feeding  due  to  the  passage  of  a  ship. 
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The  dredge  Jb  attended  by  a  powerful  light  draft  twin-screw  tug. 
The  principal  duty  ot  this  tug  la  to  fleet  the  anchors  as  the  dredge 
moves  ahead.  The  side  lines  of  the  channel  to  be  made  are  marked 
at  night  by  temporary  range  lights. 

Turning  now  to  the  results  accomplished,  the  work  done  daring 
tb«  month  of  June,  1902,  when  the  dredge  began  worb,  was  only 
93,750  cubic  yards.  This  was  accomplished  In  411  hours,  or  14.3  per 
cent  d(  the  total  working  time.  It  naturally  occupied  some  time  to 
get  everything  In  good  working  order,  to  make  minor  improvements 
and  to  train  the  crew  for  tbelr  work,  none  of  whom  had  ever  oper- 
ated a  dredge  of  this  type  before.  The  output  month  by  month 
steadily  Increased  until  In  September,  1903,  the  quantity  was  SSO.OOO 
cubic  yards;  In  October  600,000  cubic  yards,— this  notwithstanding 
the  defects  to  whicfi  reference  has  already  been  made,  and  which 
were  remedied  during  the  following  winter.  The  length  of  channel 
deepened  In  September  was  7,800  lineal  ft,  325  ft  wide  by  G  ft  aver- 


FIQ.   C, 

age  thickness  cut,  and  in  October,  8,000  lineal  ft.  The  dredge  thus 
demonstrated  her  ability  to  deepen  the  channel  to  30  ft.  at  the  rate 
of  a  mile  and  a  halt  per  month. 

OwlQg  to  lateness  in  starting  in  the  spring  and  to  early  stoppage 
in  the  tall  on  account  of  accident  to  the  boilers,  the  season  of  1903 
was  very  short,  being  126  worliing  days.  ^  During  this  time  the  work 
accomplished  was  2,671,750  cubic  yards,  scow  measurement,  equal  to 
an  average  of  21,200  cubic  yards  per  day  for  the  season.  This  in- 
cludes all  delays  from  whatever  source.  The  best  month  was  Sep- 
tember, 1903,  when  the  output  reached  the  phenomenal  figure  of  757,- 
100  cubic  yards.  This  was  accomplished  in  25  days  ot  552  working 
hours,  giving  an  average  rate  of  1,616  en.  yds.  per  hour,  or  30,280  cu. 
yds.  per  day  for  the  month.      Of  this  time  460  hours   was  actual 
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idglDg,  being  S31  per  ceot.  of  the  possible  time.  The  work  done 
le  widening  and  deepening,  at  one  time,  the  average  tblckness  of 
B  cut  in  the  deepenlDg  being  4  fL,  and  of  the  widening.  14  to  IT  ft. 
lese  figures  show  what  can  l>e  done  with  this  dredge  when  the 
irking  tinie  can  lie  kept  up  to  a  high  average. 

No  special  short  time  tests  were  made  although  log  records  show 
tes  as  high  aa  2,600  cubic  yards  per  hour  maintained  for  several 
urs.      The  average  cost  per  cubic  yard  for  the  year  Is  about  lie. 

Unfortunately,  the  seaEou  was  cut  short  by  explosion  of  one  of 
B  boilera,  due  to  low  water,  and  causing  the  loss  of  two  lives.  But 
r  this  untoward  accident  the  work  of  the  season  would  have  been 
jch  greater. 

^The  work  of  the  month  of  September,  1903.  is  believed  to  be 
eater  than  that  ever  before  accomplished  In  one  month  by  any 
edge.  Larger  outputs  have  been  claimed  for  shorter  periods  of 
ne  and  in  dredging  free  sand  from  shallow  depths  and  delivered  to 
orter  distances.  The  writer  believes  that  the  only  proper  way  to 
tlmate  the  work  of  a  dredge  is  to  measure  the  results  obtained  by 
e  month.  A  high  record  may  be  made  for  a  single  hour,  or  a  single 
ly,  but  the  general  results  may  be  poor  if  the  dredge  has  liot  the 
llity  to  maintain  a  high  average.  The  work  done  by  this  dredge 
determined  by  the  engineer  in  charge  of  the  river  works  who  takes 
e  position  of  the  dredge  in  the  channel  at  a  given  time,  say.  the 
st  of  the  month.  On  the  llrst  of  the  following  month  be  again 
kes  the  position,  having  alao  observed  its  progress  from  time  to 
ne.  The  quantity  of  material  removed  Is  then  determined  by  the 
ea  of  the  cross-section  of  the  cut  made,  multiplied  by  the  advance 
tually  accomplished  during  the  month.  In  the  quantities  as  given 
e  volume  thus  determined  has  been  Increased  from  place  measure- 
(nt  to  scow  measurement,,  place  measurement  being  80  per  cent 
scow  measurement  This  ratio  is  based  on  actual  eiperl- 
ent  and  is  for  the  purpose  of  comparing  the  work  of  this  dredge 
1th  the  other  dredges  on  the  river,  all  of  which  work  by  scow  meas- 
ement  As  the  material  Is  blue  clay,  which  remains  in  place  and 
aves  a  cleanly  defined  bank,  the  croas-section  of  the  cut  can  be 
■termlned  with  reasonable  accuracy,  and  in  a  ship-channel  18  miles 
ng.  through  level  flats,  It  Is  very  uniform  and  there  Is  no  chance 
r  any  considerable  errors  to  be  made. 

The  table  on  page  IS  gives  a  comparative  statement  of  the  results 

short  time  tests  of  the  "Tarte"  and  two  of  the  great  dredges  on 
e  Miseisslppi.  By  short  time  tests  is  meant  12  to  24  hours.  Many 
Bcial  tests  of  dredges  on  the  Mississippi  were  made  by  pumping 
to  barges  so  that  the  volume  of  sand  and  water  could  be  accurately 
e«8ured.      Much  useful  data  was  secured  In  this  way.  but  as  the 


^  I 
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duration  of  such  tests  was  only  two  or  three  minutes,  the  writer  does 
not  regard  them  as  a  valuable  index  of  the  working  capacity  of  the 
dredge.  The  data  given  for  the  "Tarte"  were  derived  from  the  dally 
log  of  the  dredge,  giving  hours  worked,  distance  covered  and  volume 
dredged.  It  does  not  therefore  represent  a  "test"  strictly  so-called, 
but  is  one  sample  among  many  similar  ones  of  what  may  be  consid- 
ered a  good  day's  run  under  working  conditions.  The  data  for  the 
"Delta"  and  "Epsilon"  are  taken  from  a  spscial  test  recorded  in  An- 
nual Reports,  Chief  of  Engineers,  U.S.A.,  1899,  Part  V,  p.  3495,  for 
the  purpose  of  ascertaining  the  performance  under  working  condi- 
tions. These  results  likewise  do  not  represent  the  utmost  rate  of 
which  the  dredges  were  capable,  and  it  is  recorded  of  the  "Delta" 
that  for  a  short  time  the  capacity  reached  2,550  cu.  yds.  per  hour. 
The  other  dredges  also  would  probably  show  a  higher  rate  for  a 
short  time  under  the  most  favourable  conditions. 
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DISCUSSION. 

The  Chairman  said  he  thought  the  Society  was  to  be  congrratu-  jjy  Bi»ckwcu. 
lated  on  firoducing  such  a  paper.      He  thought  every  one  would 
admit  that  a  great  many  of  the  details   described   showed    a   con- 
siderable amount  of  ingenuity  and  skill.    He  had  been  particularly 
struct:  by  the  details  of  the  pipe  line  and  many  other  details.    He 
said  that  he  bad  seen  the  dredge  working,  and  was  very  much  im- 
pressed with  its  operation.    From  a  commercial  standpoint,  it  was 
probably  the  most  important  nrachine  we  had  in  the  country. 

Mr.  H.  A.  Bayfield  stated  that  one  question  he  would  like  to  ._  _    .  ,^ 

.  Mr.  BAjruMd. 

ask  tee  author  was  in  connection  with  the  pipe  line.  He  had 
noticed  that  the  sections  of  the  pipe  line  were  joined  together  by 
robber  sleeres,  and  it  seemed  to  him  that  the  life  of  the  rubber 
sleeves  would  be  short,  owing  to  the  very  severe  usage  to  which 
they  must  be  subjected.  Was  this  the  case?  Also,  by  what  means 
were  the  sleevea  secured  to  the  pipes?  / 

Hr.  A.  W.  Robinson  said  that  the  rubber  sleeve  formed  a  flexible  Mr.  RoUnBoo. 
connection  between  the  pipes  and  was  not  fastened  to  the  pipe  ex- 
cept by  bands  clamped  on.  The  sleeve  was  very  substantial  and  the 
Tery  best  quality  of  rubber  was  used.  A  great  many  experiments 
had  been  made  to  find  a  substitute  for  the  rubber  sleeve  but  no- 
thing had  been  found  to  answer  so  well.  The  present  eleeves  had 
been  used  throughout  two  seasons'  work,  and  had  been  found  to 
stand  the  service  fairly  well,  being  still  in  condition  for  use. 

Mr.  K.  W.  Blackwell  said  that  he  would  like  to  ask  a  question  Mr.  Biackweii. 
in  regard  to  lost  time.      Was  the  time  lost,  owing  to  the  dredge 
having  to  be  moved  to  accommodate  passing  boats,  a  serious  item? 
Mr.  Robinson  answered  that  often  it  was  serious,  and  when 
the  large  amounts  of  work  stated  in  the   paper    had   been    accom- 
plished in  spite  of  these  delays,  they  should  be  taken  into  con- 
sideration.   There  were  sometimes  eight  or  ten  ships  passing  in  a 
day,  and  if  it  so  happened  that  the  dredge   could   remain   at    the 
Tight  Bide  of  the  channel,  not  more  than    ten   or   fifteen    minutes 

would  be  lost.    Otherwise,  sometimes  more  than  half  an  hour  was 

lost 

Mr.  Bayfield  asked  what  would  happen  If  a  boulder  would  getMr.Bayfleid. 
ititothe  pump?    GouM  it  get  in,  or  were  the  cutters  arranged  in 
such  a  way  that  anything  they  took  in  would  go  through  the  pump 
^d  pipe  line? 

Mr.  Robinson,  In  reply,  said  that  in  Lake  St.  Peter  there  were  Mr.  Robunon. 
comparatively  few  boulders.      For  the  greater  part   of   the    work 
^^ere  were  no  boulders  at  all,  and  it  was   perfectly   smooth    clay. 
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a.  lu  aomu  places  there  were  quite  a.  number  ot  sicnea,  but  the  pass- 
ages through  the  pump  were  very  large  bo  that  everythlDg  that 
could  enter  the  Buction  pipe,  would  go  through  It  They  never  had 
euch  a  thing  occur  as  a  stone  sticking  In  the  pump  or  pipe  line. 
Where  stone  deposits  occurred  the  noise  at  the  stoaej  rattling 
through  the  pipe  could  be  heard  at  a  distance  of  two  or  three  miles 
on  a  Btlll  day. 

Mr.  J.  Q.  Q.  Kerry  remarked  that  in  regard  to  Mr.  Robinson's 
mention  of  the  Mississippi  Hi«er,  he  had  had  the  pleasure  some 
yeais  ago  of  hearing  Mr.  Randolph  give  a  lecture  In  regard  to  the 
MlEHlssIppl  dredges,  and  at  that  time  the  problem  or  keeping  the 
Mississippi  open  during  water  season  had  been  solved  by  the  in- 
vention of  this  type  of  dredge.  Mr.  Kerry  said  that  he  also  noticed 
some  reference  In  Mr.  Robinson's' paper  to  the  changing  la  the 
watM*  plane  of  the  river,  and  he  would  be  glad  to  hear  bis  opinion 
on  that. 

11.  Mr.  Robinson,  in  referring  to  the  results  obtained  in  dredging 
the  Misaisslppi  River,  said  that  the  results  showed  that  oavlgation 
had  been  distinctly  Improved,  and  they  had  obtained  what  they 
wanted,  namely  navigation  of  six  to  nine  feet,  at  low  water;  and 
this  had  been  accomplished  with  a  comparatively  small  amount  of 
dredging.  It  had  been  found  that  when  an  opening  was  made 
through  a  sand-bar,  by  careful  working  In  connection  with  the  cur- 
rent, the  erosion  or  scour  might  assist  in  the  maintenance  of  a 
channel.  It  then  became  comparatively  permanent,  or  as  perman- 
ent as  anything  could  he  on  the  Mississippi— so  much  so  that  they 
were  ablif  to  find  some  evidences  of  it  the  following  season.  With 
regard  to  the  changes  In  the  plane  of  the  river.  Mr.  Rohlnson 
stated  that  he  did  not  attempt  to  touch  upon  that  at  all.  The  change 
In  the  datum  was  due  to  the  fact  that  a  new  low  water  datum  bad 
been  established,  because  In  extremely  dry  seasons,  the  water  went 
l.elow  the  existing  datum. 
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327,000  tons  of  lumber,  370,000  tons  of  coal  and  half  a  million  of  tons 
of  general  cargo  passed  through  its  locks. 

A  few  words  as  to  the  history  of  the  construction  of  the  Lachine 
Canal  will  not  be  out  of  place,  especially  as  a  complete  history  is 
yet  to  be  published. 

Immediately  above  Montreal  are  found  the  rapids  of  Sault  St 
Louis,  or  Lachine  Rapids,  which  are  the  first  obstruction  to  west- 
ward navigation  in  the  St.  Lawrence  River.  To  continue  the  water 
route,  as  far  back  as  170C  the  Sulpiclan  Fathers  opened  up  a  boat 
canal,  merely  a  trench,  via  River  St  Pierre  in  the  marshes  where  the 
Lachine  Canal  at  present  lies.  The  depth  of  water  was  but  two  and 
a  half  feet,  and  served  for  boats  to  carry  thirty  barrels  of  flour.  The 
locks  were  six  feet  wide  and  one  hundred  feet  long. 

This  was  enlarged  and  deepened  in  1821  to  allow  for  navigation 
by  barges  drawing  four  feet  The  locks  were  lengthened  to  one 
hundred  and  fifty  feet  and  broadened  to  twenty  feet 
^  In  1843  a  ship  canal  was  begun  at  .a  cost  of  two  million  of  dollars. 
Five  locks  were  built,  each  2,000  feet  long  and  nine  feet  of  water  on 
the  sills.  , 

The  length  of  the  Lachine  Canal  is  eight  and  three  quarter  miles. 
From  Lachine  to  C6te  St  Paul,  a  distance  of  five  and  three-quarter 
miles,  there  are  no  locks,  the  Lachine  locks  being,  in  fact,  only 
guard  locks,  the  lockage  is  but  a  foot 

From  Cdte  St  Paul  to  Montreal  harbor,  a  distance  of  three  miles, 
the  total  lockage  is  forty-five  feet 

The  Canal  is  spanned  by  six  swing  bridges  built  on  piers  of  cut 
stone.  These  bridges  are  the  Lachine  bridges,  C6te  St  Paul  bridge, 
Brewster's  bridge,  the  Grand  Trunk,  Curran  and  Black's  bridges. 
The  last  three  are  very  heavy. 

Use  of  the  Electric  Power — 

In  1902  the  Department  of  Railways  and  Canals  decided  to  take 
advantage  of  the  available  water  power  on  the  Lachine  Canal  to 
generate  electric  current  for  the  following  purposes  : — 

1st     To  light  the  canal,  the  locks  and  approaches  of  the  bridges. 

2nd.     To  electrically  heat  the  power  house  and  lock  cabins. 

3rd.  To  open  and  close  the  lock  gates,  sluice  valves  and  waste 
weirs. 

4th.     To  operate  the  bridges  spanning  the  canal. 

To  provide  for  these  different  services  it  was  decided  to  provide 
the  following  equipment  : — 

For  the  lighting,  100  arc  lamps,  placed  along  the  canal  bank  and 
at  the  locks,  and  approximately  100  16  c.p.  incandescent  lamps  for 
"lighting  the  power  house  and  lock  cabins. 
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For  heating,  six  6-kilowatts  electric  radiators,  in  the  power 
bouse,  besides  a  number  of  small  heaters  in  the  lock  cabins 

For  the  operation  of  the  locks,  twenty-four  5  H.P.  Induction 
motors ;  for  the  bridges,  four  5  H.P.  motors. 

The  maximum  station  load  due  to  these  different  services  is  far 
from  their  aggregate  sum,  as  the  different  services  are  not  required 
at  the  same  time,  and  as  all  the  motors  cannot  operate  together. 
For  instance,  it  would  rarely  happen  that  all  the  lock  gates  would 
operate  together,  and  further  with  the  arrangement  of  machinery 
described  below,  only  half  the  motors,  that  is  two  motors  out  of  the 
four,  per  lock,  can  he  working  at  the  same  time. 

The  full  capacity  of  the  radiators  would  be  required  only  in  the 
winter  months,  at  such  time  the  canal  is  closed  to  navigation,  the 
motors  are  not  in  operation  and  the  lighting  is  limited  to  a  dozen- 
lamps  which  are  required  for  the  approaches  to  the  bridges. 

Proceeding  from  the  assumption  that  all  the  purposes  for  which 
electric  power  is  provided  cannot  take  place  at  the  same  time,  the- 
size  of  the  generator  units  was  based  on  the  following  : — 

100  Arc  Lamps,  four  circuits  of  25  lamps,  6.6  amps,  per  cir- 
cuit, at  2,400  volts 63.5  K.V.A. 

Four  locks  out  of  the  six  in  operation  together,  that  is  8 
motors  developing  4  H.P.  each.  Assuming  the  effi- 
ciency of  motors,  transformers  and  line  at  70%  and 
power  factor  80% 42.5  K.V.A.. 

Two  bridges  out  of  the  four  in  operation  together,  that  is 
2  motors  developing  4  H.P.  each,  assuming  same  effi- 
ciency and  power  factor  as  above 10.5  K.V.A^ 

Heating  of  power  house  and  lock  cabins  average 24     K.V.A. 

A  total  of 140.5  K.V.A. 

Two  75  K.V.A.  generator  units  were  considered  amply  sufficient 
to  take  care  of  this  maximum  load.  During  the  day  there  would  be* 
no  lighting,  one  generator  could  carry  the  power  and  heating  load. 
At  night  the  operation  of  both  machines  might  be  required  but  for 
a  few  hours,  the  night  traffic  being  usually  small. 

By4ro-€i&!tric  Plant— 

The  power  house  is  located  at  Cdte  St  Paul,  on  the  south  side  of 
the  canal.  The  working  head  of  water  is  about  eight  feet  The 
water  is  drawn  from  the  canal  through  a  wooden  flume  15  feet  by  11 
feet,  built  in  the  Cdte  St  Paul  overflow  weir.  Pig.  1  shows  an  ex- 
terior view  of  the  power  house,  flume  and  overflow  weir  under  con- 
struction.    The  power  house  is  a  fine  building   of    pressed  bricks,. 
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above  a  tine  ot  cut  stone  and  concrete  arches.  Fig.  2  eliows  a  back 
view  ot  the  power  house,  tall  race  and  foundations. 

Two  TE  kilowatts,  revolving  field  type  A.C.  3-pbaee  2.400  volt,  SO 
■cycle  generators  are  t>elted  to  T'-S"  fly  wheels.  The  latter  art 
placed  on  two  horizontal  ahafls  geared  to  the  vertical  shalts  of  125 
H.P.  turbines. 

The  two  horizontal  driving  shafts  are  In  line  so  that  they  can  be 
connected  by  a  qutii,  allowing  either  generator  to  be  driven  by  either 
one  of  the  turbines.  Fig.  3  shows  the  arrangenient  of  machinery 
on  the  generator  floor. 

One  7.5  Itllowatt  exciter  is  operated  from  a  separate  water  wheel. 
It  is  of  sufficient  capacity  to  excite  both  generators  when  working 
under  full  load  and  75%  power  factor.  A.  spare  exciter  armature  is 
kept  m  reserve. 

BvMchboard — 

The  switchboard  ts  of  the  ordinary  panel  board  form,  comprising 
two  generator  panels,  one  exciter  panel  and  one  feeder  panel.  This 
switchboard  Is  placed  on  a  gallery,  eight  feet  above  the  generator 
floor. 

The  generator  panels  comprise  the  necessary  Indicating  ammeters, 
voltmeters  and  wattmeters.  Oil  type  switches  are  used.  A  power 
factor  Indicator  and  frequency  meter  are  placed  In  the  circuit  ot  each 
generator. 

The  exciter  panel  has  a  D.C.  voltmeter  and  two  ammeters,  one  la 
the  field  ot  each  generator,  also  carbon  quick  break  knife  switches 
for  the  generator  fields. 

The  feeder  panel  has  an  ammeter  and  high  tension  oil  switch  la 
each  circuit. 

The  lighting  of  the  switchboards  and  power  house  Is  done  from  s 
small  transforn"ir  in  the  generator  circuits,  but  it  can  be  thrown  on 
the  exciter  circuit  It  required. 

Arc  Hicitchboard — 

An  arc  switchboard  Is  located  to  the  left,  on  the  second  floor. 
Access  to  this  board  Is  obtained  from  the  switchboard  gallery.  Four 
constant  current  transtormers  used  for  the  arc  lighting  are  placed 
Btlll  further  to  the  left,  Inside  a  square  brick  tower,  three  stories  In 
height.  The  (our  arc  light  circuits  ot  25  lamps  each  are  controlleil 
by  tubular  plug  switches  which  can  be  ao  connected  that  any  arc 
lamp  circuit  can  be  connected  to  any  one  of  the  four  transformers. 

On  the  right  of  the  main  switchboard,  on  the  second  floor.  Is 
placed  a  board  to  control  three  15  K.W.  constant  potential  trans- 
formers for  the  electric  radiators  beating  the  building. 
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The  cables  from  the  switchboard  are  placed  in  conduits  and  run 
DP  against  the  walls  of  the  brick  tower  to  the  top  story,  which  is  de- 
Toted  to  the  lightning  arresters  and  the  distribution  of  the  ends  of 
the  cables  to  the  arms  which  support  the  transmission  lines. 

LiQhtino  of  Canal — 

One  hundred  arc  lamps,  as  stated  previously,  are  distributed 
slong  the  canal  and  at  the  locks  for  lighting.  The  lamps  are  spaced 
four  hundred  feet  along  the  canal  bank,  that  is  a  lamp  on  every 
fourth  pole,  these   being  one   hundred   feet   apart    At   bends,  the 


o  o 
o  o 


Fig.  3. 

Umps  are  spaced  to  give  proper  illumination.  Eight  lamps  per  lock 
^'e  Qsed,  giving  a  decidedly  brilliant  illumination,  and  securing  as 
^e  navigation  at  night  as  in  the  day  time. 

The  series  alternating  current  6.6  ampere  enclosed  arc  lamp  is 
^^s^.  the  regulating  device  being  the  floating  coil  automatic  constant, 
fnrrent  transformer. 
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Th«  lamps  are  hung  tweoty-two  feet  aboi 
brachets.  The  lamps  can  bs  carboned  from  t1 
band  reel  attached  to  the  pole  eight  feet  froi 
the  lamp  to  be  brought  down,  through  a  Qezlt 
through  the  tubular  arc  lamp  bracket  This  av 
which  in  lines  running  In  open  country  is  unde 

Pole  Line  Congtruetion — 

The  pole  line  construction  la  substantial  ai 
the  ornamental  braces  and  brackets  used  glvlt 

Cedar  poles  painted  white  are  placed  one  hu 
six  feet  from  the  water  edge,  to  clear  the  sp 
Two  six  pin  arms  are  used  throughout,  and  dc 
on  all  turns,  these  arms    are   bolted   through  i 

On  the  Bide  of  the  poles  further  away  from 
the  three  phase  2,400  volt  power  circuit.  One 
the  power  house  to  the  Lachlne  lo:ks,  a  dl 
miles.  It  is  made  up  of  three  No.  4  B.  ft  S. 
copper  wires.  The  wires  are  placed  In  trlan 
wire  to  wire.  A  circuit  running  east  to  St. 
tance  of  two  miles,  is  made  up  of  three  No.  6 

On  the  side  of  the  poles  nearest  to  the  cai 
light,  circuits.  Three  of  these,  each  of  two  N( 
per  wires,  run  west  of  the  power  house,  ea( 
twenty-flve  arc  lamps  In  aeries.  One  arc  light 
the  remaining  twenty-five  arc  lamps. 

The  high  potential  lines  for  lighting  and  ti 
cults  cross  the  canal  at  each  lock  In  rubber  i 
cables.  These  cables  start  from  cable  boxes 
and  run  down  the  poles  In  Iron  conduit  to  mai 
der  the  locks  In  pipe  conduits.  Fig.  5  shows 
crossings. 

The  cables  can  be  drawn  In  or  out  at  anj 
Spare  conduits  and  cables  are  In  readiness  I 
caCle  shows  signs  of  break  down.  The  cable 
also  contain  lightning  arresters. 

Eheiric  Hrnling  of  I'ljinr  House  and  Lack  Cabin 
Six  electric  radiators  each  of  sfx  kilowatts  t 
der  220  volts  are  placed  In  the  power  house, 
been  in  operation  during  the  past  winter  and 
Bclent  to  keep  the  power  house  very  comfortab 
nights  that  have  been  experienced.     As  the  l 


The  Intertor  of  Power  House. 
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light,  the  36  kilowatts  required  for  heating  necessitate  the  running 
of  only  one  generator.    ^ 

Three  15  kilowatts  transformers,  one  on  each  leg  of  the  three 
phase,  2|.400  volt  circuit,  are  placed  in  the  power  house,  stepping 
down  to  220  volts,  for  the  radiators.  A  switchboard  with  high  and 
low  tension  switches,  is  provided  for  this  work. 


Mechanism  for  Operating  Lock  Gates  and  Sluice  Valves — 

The  old  system  of  operating  the  lock  gates  and  sluice  valves  by 
man  power,  does  not  require  very  long  description.  On  the  Lachine 
canal,  four  winches  per  lock  are  placed  on  the  coping.  By  means  of 
these  winches,  chains  which  open  and  close  the  gates  are  operated. 
This  system  is  slow,  over  a  minute  and  a  half  being  required  to 
open  or  close  a  gate  ;  it  is  also  expensive  as  it  requires,  to  perform 
the  work  at  that  rate,  at  least  two  men  per  winch  or  four  men  per 
lock.  The  sluice  valves  for  filling  or  emptying  the  locks  are  on  the 
gates  and  are  operated  from  the  gate  platform,  through  gearing, 
lifting  vertical  rods  or  stems  attached  to  the  valves. 

Electric  Potcer  Driving — 

In  changing  from  the  above  method  of  operation  to  one  employ- 
ing electric  power,  the  following  conditions  were  to  be  fulfilled  :  — 

1st.  The  coping  on  both  sides  of  the  gates,  and  the  gate  platform 
had,  as  far  as  possible,  to  be  free  of  machinery. 

2nd.  One  electric  motor  had  to  operate  one  gate,  opening  and 
closing,  also  raising  and  lowering  the  sluice  valves  on  this  gate. 

3rd.  A  mechanism  of  such  simplicity  bad  to  be  employed,  as 
would  avoid  skilled  labor. 

4th.  Operating  staff  had  to  be  reduced  to  one  man  per  gate^  that 
is  two  men  per  lock. 

In  order  to  meet  these  conditions,  the  method  to  be  described  was 
devised  by  Mr.  Marceau,  superintendent  engineer,  Mr.  Parlzeau  of 
the  engineer's  staff,  and  the  writer,  and  was  adopted.  It  might  be 
stated  in  passing  that  a  number  of  other  methods  could  have  been 
used,  to  do  the  same  work,  which,  however,  would  not,  we  think, 
meet  the  specified  condition  in  the  same  complete  manner. 

The  whole  of  the  driving  machinery  for  operating  one  gate  and 
its  sluice  valves,  is  placed  on  the  gate,  under  the  gate  platform. 
(Fig.  6.)  The  space  there  is  rather  limited,  still  it  is  found  to  be 
sufficient  for  the  purpose.  Power  is  supplied  by  a  5  H.P.  three 
phase  220  volt  induction  motor  running  at  1,120  R,P.M.  This  motor 
is  shown  on  the  right  hand  of  Fig.  6.  This  motor  is  geared  to  a 
horizontal  shaft,  running  approximately  two-thirds  the  way  along 
the  gate.     The  speed  of  this  shaft  is  300  R.P.M.     A  reversing  switch 
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and  start^,  controlling  the  motor,  is  placed  close  to  the  handles 
of  the  clutches,  which  operate  the  machinery.  Three  worm  gears  A, 
B  and  C  are  placed  on  this  shaft  ;  A  ana  B  to  operate  tne  two  sluice 
valves,  C  to  operate  the  lock  gate. 

Mechanism  for  Operating  Sluice  Valves — 

Gears  A  and  B  are  loose  on  the  shaft,  but  can  be  thrown  in  gear 
through  friction  clutches,  anl  engage  brass  horizontal  worm 
wheels,  which  in  turning,  lift  threaded  stems  or  rods  attached  to  the 
valves.  The  opening  of  the  valves  requires  barely  half  a  minute. 
A  supplementary  gearing  enables  the  operator  standing  on  the  gate 
platform,  to  open  or  close  the  gate  valves  by  hand  if  the  electric 
power  fails. 

Tests  made  on  an  experimental  outfit,  last  spring,  to  ascertain 
the  power  required  to  open  and  close  the  valves  gave  the  following 
results  :  — 


[' 


f 
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Motor  running  shafting  only 1,050  watts  =  1.4  H.P. 

Opening  sluices 1,500  watts  =  2.0  H.P. 

Time  required  to  open  valve  =  30  seconds. 

Mechanism  for  Operating  the  Lock  Gates — 

A  steel  worm  gear  C,  running  in  oil  is  keyed  to  the  horizontal 
driving  shaft,  and  engages  a  horizontal  brass  worm  wheel.  This 
wheel  rotates  freely  on  a  vertical  shaft,  which  is  the  pivot  for  a  U 
steel  beam,  resting  on  the  gate  on  one  side,  and  working  in  a  cut 
provided  in  the  coping  at  its  outer  end. 

A  friction  clutch  operated  from  the  gate  platform  throws  this 
wheel  in  gear  with  the  vertical  shaft,  driving  it  at  a  speed  of  15 
R.P.M.  A  square  brass  casting,  bored  to  fit  this  shaft  and  through 
which  the  latter  passes,  is  placed  in  the  web  of  the  beam  and  holds 
it  in  place,  allowing  a  certain  amount  of  play  whilst  the  gate  is  be- 
ing moved.  A  chain  wheel  is  keyed  to  the  vertical  shaft  imparting 
motion  to  a  chain  and  steel  rope. 

Drawing  Fig.  7  shows  three  positions  of  beam  with,  1st:  gate  open, 
2nd  :  gate  half  opened  ;  3rd  :  gate  closed.  The  chain  and  rope  after 
passing  over  the  chain  wheel  run  inside  the  web  of  the  U  beam,  to 
guiding  grooved  rope  wheels,  placed  at  the  outer  end  of  the  beam. 
The  end  of  the  rope  is  attached  to  two  points  in  the  cut  made  in  the 
coping.  One  point  F  is  in  line  with  the  beam  and  at  the  inner  end 
of  the  cut,  the  other  point  F^  is  near  the  edge  of  the  coping.  The 
beam  is  allowed  to  rest  on  hard  steel  rollers,  placed  on  a  bed  of  con- 
crete slightly  sloping  towards  the  lock  to  carry  away  the  surface 
water.  An  iron  grating  is  fitted  over  this  cut  and  allows  inspection 
of  the  machinery  at  any  time. 


Herdt  on  Use  of  Electricity  on  Lachine  Canal         171 

Opening  the  Lock  Gate — 

To  open  the  lock  gate,  the  motor  is  started  under  no  load  except 
the  friction  of  the  shaft,  in  the  direction  indicated  for  opening. 
When  up  to  speed,  the  friction  clutch  is  operated,  allowing  a  certain 
amount  of  slipping  at  the  start  to  avoid  sudden  strains  on  the  ma- 
chinery. The  chain  wheel  running  clockwise  will  pull,  through  the 
chain  and  rope,  on  the  point  F  ,  drawing  in  the  beam  towards  the 
coping.  The  pivoting  point  P  will  describe  the  dotted  circle  shown. 
The  outer  end  of  the  beam  is  guided  by  the  rope  in  tension  passing 
through  the  grooved  pulleys  until  it  reaches  its  position  of  rest  at 
the  end  of  its  course.     The  gate  is  then  open. 

Hosing  the  Lock  Gate — 

To  close  the  gate,  the  direction  of  rotation  of  the  motor  is  revers- 
ed, and  thereby  the  rotation  of  the  chain  pulley,  the  rope  tension  is 
now  on  the  point  F  ,  the  beam  will  swing  slightly  as  the  rope  be- 
comes taut,  until  the  beams  rest  on  the  guiding  pulley  shown  on 
the  left  in  the  inner  portion  of  the  cut  The  beam  will  then  move 
out  with  the  gate  until  the  latter  is  closed. 

It  must  be  observed  that  in  both  the  opening  of  the  gate  and  the 
closing  of  it,  the  maximum  pull  is  required  at  the  start,  and  that  this 
pull  is  directly  along  the  axis  of  the  beam  whilst  opening,  and  at  a 
very  small  angle  to  it,  when  closing,  thus  bending  moments  and 
abnormal  frictional  resistances  are  avoided. 

The  induction  motor  being  up  to  speed  when  the  clutch  is  thrown 
in,  is  able  to  develop  its  maximum  torque.  With  the  present  reduc- 
tion in  gearing  the  pull  on  the  chain  is  approximately  1,200  lbs. 

With  an  average  speed  of  chain  of  28  feet  a  minute,  the  opening 
or  closing  of  a  gate  will  be  done  inside  of  a  minute.  Greater  or 
lower  speeds  of  operation  can  be  obtained  by  a  change  of  diameter 
0?  chain  wheel. 

Two  operators  will  be  required,  standing  respectively  on  the  plat- 
forms of  the  gates.  Through  the  friction  clutches  they  will  be  in 
position  to  speed  up  or  slow  down,  to  allow  the  gates  to  come  in  well 
together. 

Tests  made  with  an  experimc'ntal  apparatus  slightly  different 
from  the  one  described  gave  the  following  readings  : — 

Motor  running  shaft  alone 1,050  watts 1.4  H.P. 

Starting  to  open  gate 3,200  watts 4.42  H.P. 

Opening  gate,  10  sec.  from  start..  ..2,500  watts 3.3  H.P. 

Closing  gate  at  jstart,  heavy  wind 
blowing  against  gate 4,200  watts 5.6  H.P. 
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The  Induction  motors  are  220  volt  tbree  phaae  moters.  To  stop 
down  tbe  2,400  volt  ot  tbe  transmisBlon  lines,  tbree  6  KW.  trans- 
formera  are  placed  on  a  pole  at  eacli  lock.  Lead  covered  cables  nin 
down  the  poles  In  Iron  pipes  and  then  undergroand  to  tbe  masonry 
walls  of  tbe  locks  to  the  gates  at  tbe  pivoting  point 

Only  the  lower  voltage  will  be  distributed  about  tbe  locka. 
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b«d  rock.  The  arcbes  over  tbe  wbeel  pit  are  of  concrete  but  faced 
on  tbe  outside  with  rough  picked  maaonry  of  large  dlmeiuloDB, 
which  gives  to  the  entire  structure  a  very  subfltantlal  appear&nce. 
The  power  house  Is  constructed  on  a  steel  frame  having  brick  walls 
and  heavy  plank  roof. 

A  band  power  crane  of  twenty-five  ton  capacity  with  two  trolleys 
bavlng  a  span  of  thirty-eight  feet  la  provided  for  erecting  and  hand- 
ling the  machinery.     (See  pboto  on  next  page.) 

Provision  was  made  for  four  hydraulic  units,  giving  an  ultimate 
capacity  of  approximately  6.000  H.F.  Each  unit  consists  of  5-35' 
New  Sampson  wheels  by  Wm.  Hamilton  &  Co.,  wltb  horizontal 
shafts  directly  coupled  to  a  1,000  K.W.  Bullock  Generator  operating 
at  2,ZO0  V  at  ISO  R.P.M.  and  60  cycles. 

Tbe  switchboard  gallery  Is  about  nineteen  feet  above  tbe  main 
floor  of  tbe  power  house  and  accessible  by  means  of  a  Bight  of  iron 
Bteps  In  tbe  centre  and  two  Iron  ladders  at  either  end  of  the  power 
bouse. 

At  present  but  one  unit  Is  InsUlled  with  Z-50  KW.  exciters  Z8S 
R.P.M.  Switchboard  panels  are  provided  for  the  control  of  the 
generators,  ejiclters  and  the  various  feeders. 

The  arc  lights,  of  which  225  are  located  along  the  bank  of  the 
canal,  were  furnished  by  tbe  G.  I.  Co.,  of  New  York.  A  three  panel 
switchboard  controls  the  operation  of  these  lamps  and  each  circuit 
la  regulated  by  a  100  light  G.  1.  regulator  capable  of  maintaining 
practically  oonatani.  current  wltb  any  number  of  lamps  In  circuit 
from  1  to  lOU— Ita  full  capacity. 

The  current  for  these  clrcuile  Is  stepped  up  from  2.200  V.  by 
means  of  transformers  of  GO  K.W.  each— the  transformers  being 
provided  with  intermediate  taps  so  that  besides  tbe  full  voltage  of 
11,000  v.,  ir  a  smaller  number  of  lamps  are  required,  either  4,400  or 
6,600  v.,  can  be  used,  thus  reducing  the  re-actance  necessary  to 
maintain  a  proper  voltage  and  permitting  of  a  higher  P.P.  under  tbe 
condltiane  at  partial  load. 

Current  for  the  power  circuits,  three  In  number.  Is  obtained  by 
stepping  up  from  the  generating  voltage  to  11,000  V,  by  means  of  3 
150  KW.  transformers  which  supply  the  3  P.  transmission  lines 
reaching  various  locks  along  the  eleven  miles  of  canal. 

The  primaries  of  both  arc  lighting  and  power  transformers  are 
controlled  by  oil  switches  connected  to  the  bus  bars  on  the  main 
switchboard,  a  separate  panel  being  provided  for  each  class  of  ser- 
vice. The  power  circuits  are  passed  through  a  separate  high 
potential  switchboard  which  connects  the  transformers  to  the  thre« 
separate  3-phaee  power  lines.  A  2,200  V.  line  also  provides  Mille 
Roches  with  light  and  power  service. 
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At  the  Stormont  Bridge,  near  Cornwall,  Bnother  11,000  V.  arc 
fftble  provides  for  lighting  the  two  piers  at  the  bridge  and  an  emer- 
gency cable  la  laid  Just  above  loci:  1?  so  that  In  case  of  accident  to 
any  of  the  other  crossings  or  a  break  In  the  line,  emergency  connec- 
tion can  be  made  In  the  houses  covering  tbe  cable  beads  on  the  bank 
of  the  canal. 

While  in  some  cases,  sawed  octagon  poles  have  been  used  for  a 
similar  purpose,  yet  the  shaved  cedar  poles  selected  In  this  case, 
present  an  exceptionally  pleasing  appearance.  Extreme  care  bu 
been  taken  In  locating  and  setting  out  the  line  and  a  transit  has 
been  used    for  the  work,  making  the  alignment  and  location  almost 

Tbe  line  Is  welt  guyed  on  tbe  curves  with  galvanized  signal  strand 
well  anchored,  or.  in  some  cases,  tied  to  a  heavy  guy  stub.  On  tbe 
sharp   curves,  poles  are  double    armed    to   provide    for    tbe    severe 


The  lighting  of  the  canal  Is  carried  out  In  a  very  liberal  manner, 
an  arc  lamp  being  located  on  every  fourth  pole  and  the  poles  aver- 
aging about  one  hundred  feet  apart  At  tbe  locks,  as  many  as 
twelve  or  fourteen  lamps  are  located  so  as  to  brilliantly  Illuminate 
both  ends  of  the  locks,  as  well  as  the  Intervening  apace  and  tbe  re- 
gulating weirs — most  of  which  are  located  beside  the  locks. 

The  lamps  are  hung  from  Iron  pipe  brackets  which  pass  through 
the  pole  and  are  held  in  place  by  a  collar  at  the  front  side  and  a  lock 
nut  at  the  back  and  braced  on  the  under  side  by  an  Iron  pipe  strut 
fastened  to  tbe  face  of  the  pole  by  two  lag  screws.  An  insulated 
hanger  la  used  at  the  outer  end  of  the  bracket  (2'-G''  from  the  pole) 
which,  together  with  the  insulators  on  the  lamps,  renders  danger 
from  grounding  In  the  lamp  frame  and  bracket  extremely  remote. 
The  lamps  are  trimmed  from  the  pole  without  lowering  ;  pole  steps 
are  driven  In  each  lanip  pole. 

Loops  are  cut  In  from  transposition  Insulators  by  means  of  No. 
8  flexible  rubber  covered  conductor  soldered  to  the  bare  copper  line 
conductors,  particular  care  being  tal:en  to  support  the  conneeiion  at 
the  lamp  ao  aa  to  avoid  any  possible  danger  of  the  swing  of  tbe  lamp 
causing  a  break  at  the  binding  post.  Some  trouble  of  this  charac- 
ter was  at  first  experienced  hut  vjaa  soon  overcome  by  the  above  pro- 

At  the  lower  end  of  the  canal,  where  three  Beta  of  locks  are 
grouped  together,  the  illumination  is  very  brilliant,  and  viewed  from 
tbe  Stormont  Bridge  at  Cornwall— taking  In  at  a  single  glance  some 
sixty  arc  lamps  refiected  In  the  still  waters  of  the  canal — the  sight 
fa  most  Impressive  In  Its  quiet  brillianc}'. 
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The  secondary  of  the  tranBformers  passes  through  the  switch  on  the 
switchboards  which  distributes  the  secondary  current  to  the  motors, 
two  of  which  are  located  on  each  side  of  the  lock.  Armoured  cable 
with  paper  insulation  Is  used  to  conduct  the  current  from  tlie  switch 
icabln  to  the  motors  located  on  the  same  side  of  the  loclc. 

The  connection  for  motors  on  Uie  opposite  side  Is  carried  through 
armoured  cable  which  leads  down  through  the  floor  of  the  switch 
cabin  and  passes  through  a  hole  drilled  tn  the  stone  coping  of  the 
lock  to  the  upper  stop  log  check — there  being  two  checks  cut  In  the 
masonry.  This  leaves  one  which  could  be  utilized  lor  stop  logs  in  case 
It  ever  became  necessary  to  heep  the  water  out  of  the  lock  during 
repairs.  The  cable  turns  over  a  radius  of  16"  at  the  top  and  passes 
down  the  check,  being  protected  by  a  piece  ol  oak  plank  which  Is 
grooved  In  Che  centre  Co  take  the  cable,  the  plank  being'  fastened  by 
drift  bolts  to  the  stone  work  and  protected  at  the  edges  with  Iron 
-strips.  As  the  plank  does  not  come  above  the  edges  of  the  check  In 
the  stone  work,  there  is  practically  no  danger  of  the  cables  ever  be- 
ing Injured  by  a  boat  In  entering  or  leaving  the  locks. 

Where  the  cable  crosses  on  the  lock  bottom  a  timber  is  held  on 
top  grooved  on  the  bottom  side  to  receive  the  cable,  and  h3  the  top 
■of  this  timber  is  well  below  the  breast  wall  at  the  entrance  of  the 
lock,  there  Is  no  danger  of  the  cable  ever  being  disturbed. 

Rising  on  the  opposite  side  of  the  lock  in  the  stop  log  check,  the 
cable  again  passes  through  a  hole  drilled  In  the  stone  coping  until 
It  comes  out  of  the  earth  back  of  the  masonry  under  the  next  switch 
-cabin,  from  this  switch  cabin  the  cable  is  carried  into  the  third 
switch  cabin  on  the  north  side  of  the  old  locl.s. 

You  will  bear  In  mind  that  the  new  loclis  were  built  on  the  south 
side  of  the  old  locks,  and  are  about  70  feet  longer,  the  old  loclis  be- 
ing 55  feet  wide  and  200  feet  long  Inside  Che  gates  and  the  new  locks 
45  feet  wide  and  270  feet  long  Inside  the  gates  and  14  feet  over  sills. 

On  the  switchboards  In  each  of  the  cabins  are  placed  the  motor 
-starting  switches  connected  to  auto  starters  which  control  the 
motors  on  one  side  of  each  lock.  From  the  switch  cabin  on  the 
south  side  are  operated  two  motors,  the  first  motor  being  connected 
by  armoured  cable  reaching  from  the  switch  cabin  underground  to 
the  first  motor.  The  second  motor  Is  reached  by  conductors  run- 
ning from  the  switch  cabin  overhead  to  a  pole  very  near  the  motor 
at  the  lower  end  of  the  lock,  armoured-  cable  connecting  from  the 
pole  underground  as  far  as  the  masonry  and  checked  Into  the 
masonry  where  It  passes  over  to  the  motor. 

~  The  switch  cabin  on  the  little  island  between  the  two  locks  con- 
trols the  two  motors  on  the  north  side  of  the  new  locks  and  two 
motors  on  the  south  side  of  the  old  locks.       The  third  switch  cabia 
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rs  on  the  north  aide  of  the  old  locks,  aa  well  as  the 
the  weir  gate  mecbanlBtn. 

ent  Ib  Ideatlcal  in  all  the  loche  with  the  exception 
lock  16.  which  are  not  provided  with  weir  gates, 
t  for  operating  the  lock  gates  and  weirs  was  adapt- 
innectlon  with  the  winches  and  weir  gate  mechanism 
without  disturbing  their  capahlllty  for  hand  oper- 
islon  require. 

evlcea  were  operated  by  hand,  the  lockmen  labor- 
-ank  on  the  winches  at  the  two  opposite  sides  of  the 
Qg  one  winch  tor  opening  and  the  other  for  closing 
winches  were  located  at  each  end  of  the  lock,  two 
>  of  which  handled  the  chain  to  close  the  opposite 
I  open  the  gate  on  the  side  at  which  these  winches 

I  of  each  gate  is  a  bridge  on  which  la  mounted  the 
for  opening  the  two  valves    In    each   of   the   gates 

fill  or  empty  the  lock, 

equipment  utilized  practically  all  of  this  macbln- 
th  only  the  necessary  changes  to  make  the  mechan- 
vlth  the  electrical  drive. 

ep  the  speed  down  to  approximately  wbat  was  ob- 
peratlon,  a  very  material  reduction  In  motor  speeds 
To  obtain  this  and  cover  the  other  points,  special 
svlsed  and  patented  by  Mr.  Alex.  Prlngle  and  the 
shown  in  the  drawing  attached, 
'lected  were  all  of  5  H.P.  for  both  the  lock  gates 
lism.  Some  question  as  to  whether  a  3  or  5  H.P. 
idopted  arose,  but  the  matter  was  decided  in  favour 
itor  on  acocunt  of  Its  lower  speed;  and  while  the 
motor  is  never  exceeded  except  tor  a  tew  seconds, 
le  time  running  considerably  under  load,  yet  the 
nt  is  simple,  and  wblle  Eomewhat  strongei'  than 
ed.  the  Interchangeablllty  and  greater  duraliility, 
ustifled  the  slight  additional  expense. 
1  two  winding  winches  which  control  the  chains  for 
ng  the  gates,  one  motor  la  located  near  the  hoitow 
■I  the  lock  gate,  which  is  coupled  by  means  of  short 
;  and  friction  clutch  coupling  to  the  winch  near  this 
ans  of  another  friction  clutch  and  length  of  shaft 
I  the  other  winch,  supported  at  intermediate  points 
ylng  journal  boxes  mounted    on    cut   stone  blocks 
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Jointed  to  the  coping,  making  a  practically  continuous  stone  founda- 
tion for  the  mechanism. 

The  arrangement  of  the  motor  bed,  gearing  and  speed  reduction 
will  be  more  clearly  understood  by  referring  to  the  drawing  show- 
ing the  casing  for  the  worm  gear  and  motor  bed. 

As  there  is  a  reduction  of  about  42  to  1,  which  gives  a  speed  of 
about  26  revolutions  for  the  operating  shaft,  it  was  decided  to  use  the 
worm  gear  rather  than  a  more  complicated  triple  reduction  by  means 
of  spur  gears.  A  sub-base  extends  under  the  motor  and  also  car- 
ries the  casing  for  the  worm  and  worm  gear.  The  worm  runs  in 
oil,  the  thrust  being  taken  up  by  alternate  steel  and  bronze  collars 
and  thrust  discs,  adjustable  at  one  end  by  means  of  set  screws  and 
check  nut  to  compensate  for  wear. 

The  motor,  which  runs  at  1,200  R.P.M.,  is  coupled  directly  to  the 
worm  shaft,  the  worm  being  cut  out  of  solid  steel  and  meshing  into 
a  bobbed  bronze  wheel  turning  on  a  shaft  mounted  on  babbitted 
bearings.  The  projection  at  one  end  of  this  shaft,  having  mounted 
upon  it  the  friction  coupling,  controls  the  working  shafts.  The 
opposite  end  is  coupled  to  a  short  length  of  shaft  which  carries 
a  chain  wheel  similar  to  a  sheave  in  a  chain  hoist  and  from  this 
point  by  means  of  a  welded  link  chain  made  endless  is  turned  at  an 
angle  to  the  main  working  shaft,  the  supplementary  shaft  for  oper- 
ating the  valves  in  the  lock  gates.  This  shaft  is  supported  on  bearings 
secured  to  the  coping  of  th^  lock  and  placed  about  %"  above  its  sur- 
face and  continued  under  the  bridge  on  the  lock  gate,  a  universal 
opposite  end  is  coupled  to  a  short  length  of  shaft  which  carries 
travel  of  this  joint  is  minimized. 

The  arc  of  the  circle  through  which  this  coupling  passes  is  pro- 
vided for  by  a  swivel  box  carrying  the  end  of  the  driven  shaft  and 
the  travel  in  and  out  is  allowed  for  l>y  having  the  chain  sheave  run 
free  on  the  shaft,  except  when  engaged  by  a  jaw  clutch  keyed  to  the 
shaft  so  as  to  allow  the  shaft  to  run  in  and  out  as  it  passes  through 
this  arch,  and  engage  or  disengage  the  clutch  at  the  proper  time  for 
controlling  the  valve  mechanism.  The  clutch  being  disengaged, 
allows  the  driving  sheave  to  run  loose  on  the  shaft;  and  the  shaft 
itself  remains  idle  during  the  time  the  gate  is  open  and  is  only 
put  into  operation  when  the  gate  is  swung  to  the  closed  position. 

The  valves  are  operated  by  bevel  gear  reversing  mechanism, 
which  allows  the  operator  to  either  close  or  open  the  valves  in  the 
gates  by  throwing  the  shipping  lever,  which  engages  a  jaw  clutch 
with  one  of  the  bevels  required  to  operate  the  valve  stem  in  the 
desired  direction.  The  travel  of  this  stem,  however,  is  limited  by 
an  automatic  stop,  consisting  of  a  loop  and  bell  crank  operated  by  a 
pin  in  the  cross  head  travelling  with  the  valve  system  so  that  at  the 
lower  or  upper  limit  of  travel,  the  pin  trips  the  bell  crank  connect- 
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bu  thrown  the  clutch  out  of  gear.  The  valves  in  the  gates  in  the 
upper  end  of  the  loch  are  then  opened  In  a  manner  simtlar  to  that 
described  In  connection  with  the  opening  of  the  lower  gates,  allov- 
ing  the  barge  to  proceed  on  Its  Journey. 


To  keep  the  various  levels  of  the  canal  normal,  on  account  of 
exceafllve  flow  of  water  from  above  or  any  heavy  draught  of  power 
used  on  a  level  or  by  lockages,  the  flow  of  water  has  to  be  compens- 
ated (or  by  adjusting  the  weir  gates. 

These  gates  are  operated  by  worm  and  segment,  or.  In  some  cases, 
by  raising  or  lowering  the  valves  in  a  manner  similar  to  that  on  the 
lock  gates,  the  operating  of  which  is  carried  out  in  much  the  same 
way  as  described  in  connection  with  the  gates. 

As  there  are  a  number  of  weir  gates  or  valves  which  must  be 
capable  ot  independent  operation,  provision  is  made  by  means  of  a 
double  Jaw  clutch  engaging  with  either  one  or  the  other  of  two 
bevelled  gears  on  a  horizontal  shaft  which  meshes  into  a  third  be- 
velled gear  on  a  shaft  ot  the  worm  for  operating  the  segment  which 
drives  the  valve  stems. 

The  operator  only  has  to  throw  the  clutch  Into  engagement  so  as 
to  move  the  valve  in  the  desired  direction  and  as  soon  as  the  gate 
has  opened  or  closed  sufficiently  for  the  purpose  of  regulation,  the 
lever  is  thrown  out  of  engagement  with  the  gear.  A  friction  clutch 
is  placed  between  the  shaft  of  the  worm  wheel  driven  by  the  motor 
so  that  in  case  of  accident  resulting  in  Jamming  any  of  the  parts. 
the  friction  clutch  will  slip  before  any  serious  brealiage  occurs. 


The  equipment  for  the  bridges  Is  operated  by  a  motor  driving  Ibe 
mechanism  through  worm  gears,  the  same  power  unit  being  utilized 
as  tor  the  operation  of  the  lock  gates  and  weirs,  an  extension  of  the 
interchangeable  idea.  Aside  from  the  flrst  speed  reduction,  how- 
ever, the  gearing  Is  quite  ditferent.  though  In  the  case  of  both  the 
Mllle  Roches  and  the  Stormont  bridges  the  arrangement  Is  worked 
out  on  similar  lines. 

The  bridge  at  Mille  Roches  Is  179  x  12  and  has  the  motor  swung 
under  the  bridge  ]ust  outside  of  the  turn  table,  being  counter- 
balanced by  weights  at  the  opposite  end  of  the  bridge.  T  Beams  sup- 
port the  motor  and  worm  gear  case,  the  shaft  ot  which  drives  the 
gearing  communicating  the  motion  to  a  pinion  meshing  with  the 
rack  which  turns  the  bridge. 


Cahal 


DISCUSSION. 

Prof.  L.  A.  Herdt  s^d  that  there  was  one  polDt  wbicb  his 
paper  h&d  not  touched  upon,  which  he  woald  apeak  ot  before  the 
dlEcuBslon  went  do. 

The  queatlon  was,  What  Is  the  advantage  of  using  electric 
power  on  these  canals?  The  prlnctpal  advantage  was  the  saving 
in  cost  ot  labour.  With  the  o!d  wlneh  and  chain  syatem,  to  do  the 
work  two  men  per  winch  were  required — that  U  four  men  per  locli, 
eight  men  per  double  lock.  Now,  on  the  Lachlne  Canal.  It  was 
proposed  to  handle  the  work  with  the  electrical  equipment  with 
four  man  per  double  lock,  quite  'an  appreciable  difference  in  the 
cost  of  libour.  The  capacity  of  the  canal  was  practically  dupli- 
cated, as  It  could  be  used  as  readily  at  dIbM  as  in  the  da?  time, 
and  the  time  requlrei!  For  opening  tbe  gates  had  been  reduced  to 
one  minute,  Instead  of  a  minute  and  a  half. 

Prof.  Herdt  also  added  that  when  the  Montreal  Ught.  Heal 
tc  Power  Co.  were  short  ot  power,  the  Lachlne  Canal  Eilectrii 
Plant  furnlsbed  them  with  150  kilowatts,  running  this  station  ii 
multiple  with  the  power  company's  stations. 

Mr  Leonard  said  there  bad  been  some  eiperlments  made  a* 
tbe  Cornwall  Canal.  Two  men  were  placed  on  each  winch  and  at 
effort  made  to  open  the  gate  as  fast  as  possible.  The  men  had 
turned  at  a  pretty  lively  pace,  a  good  deal  taster  than  usual,  ant 
the  gates  bad  been  opened  In  just  one  minute  and  a  bait.  Tht 
electric  power  had  been  applied  and  the  gates  opened  in  ]u«t  oni 
minute.  The  water  had  to  be  regulated,  however,  and  It  too  mucl 
wHer  were  allowed  to  pass,  damage  might  result,  so  that  the  open 
Ing  of  the  gale  was  the  only  way  tbat  time  could  be  saved.  Tba 
had  been  accomplJEhed.  and  half  a  minute  saved.  The  process  hai 
also  .saved  labor  and  reduced  expenses.  Instead  of  four  men,  bu 
two  were  required,  so  that  tbe  24  hours  could  be  divided  Into  tw 
watches,  giving  tbe  men  some  time  to  themselves,  whereas  forme: 
ly,  tbe  four  men  were  required  to  make  the  lockages,  and  were  o 
duty  the  whole  twenty-four  hours,  catching  sleep  as  best  the 
could  between  times, 
jn.  Mr.  K.  B.  Tl;omton  said  the  Montreal  Light,  Heat  and  Powe 
Company  bad  iiseJ  power  from  the  Lachlne  Canal  for  severs 
raonihE.  running  the  series  arc  lighting  from  that  station,  by  build 
ins  a  shanly  on  the  bank  of  the  canal,  and  pulling  In  three  trans 
fovineri  and  regulators,— tonnecling  one  to  each  phase.  He  wishe 
to  know  bow  many  arc  lamps  there  were  on  each  circuit  on  th 
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aod  whether  spark  gaps  on  Individual  lamps  or  ^rTHon 
IS  were  used  on  the  arc  circuits,  and  it  there  were 
lie  in  operating  them.    He  also  wished  to  know  If 
3  were  used  on  the  lamps,  and  If  the  placing  ot 

line  and  spark  gaps  would  reduce  troubles  Irom 

I  replied  that  there  had  been  a  little  trouble  wlthMr.L*on. 
the  circuits  ran  from  20  to  100  lamps  per  circuit. 

at  present  there  were  S&  to  90  lamps  per  circuit — 
ble  It  had  run  with  as  high  as  110  lamps  on  a  clr- 
reesed  a  very  high  voltage  on  the  line,  and  the 
t  a  severe  strain  on  everything,  Mr.  Leonard 
3  had  occasion  to  lay  out  anothet  plant  ol  similar 
ought  he  would  put  in  fifty  lamps  per  circuit  In- 
idred. 

made  any  special  provisions  against  lightning,  ex- 
tbe  cables  at  the  point  where  they  passed  under 
ine  bank  to  another  and  at  the  piers  of  the  bridges, 
Ightnlng  arresters.      There  had  been  a  breakdown 

cable,  but  it  was  cable  which  had  t:een  designed 

temporarily  used  on  11,000  V.  He  thought  light- 
t  the  crossing  had  helped.      There  were  lightning 

station  on  each  circuit,  and  the  gaps  were  cut 
making  the  resistance  to  ground  across  the  gaps 
r.  There  had  been  no  trouble  except  the  breaking 
jiatlon  in  the  arc  lamps  due  to  the  excessive  strain. 
.  said   he   thought   that   the   freedom   from   trouble  Mr.  Herdi 

the  Lachine  Canal,  was  on    account    of   the    Iron 
S  the  canal,  and  the  pole  line  paralleling  the  canal, 
aan     said     he     had     aotieea     tUa'.     thera     seemed  iir.  itu. 
able  number  of  friction  clutches  in  operation.     He 
rk  on  the  friction  clutches  would  be  very  severe 

reverse  clutch  for  stopping.  If  there  Is  a  brake, 
Dly  severe.  Friction  clutches  were  troublesome 
would  like  to  ask  Mr,  Leonard  if  he  had  experienced 
this  connection, 

I  replied  that  he  had    had    absolutely    no     trouble  ^f-i-<^°"' 
the  friction  clutches.     In  the  case  of  these  clutches 
d  liberal  capacity,  using  a  clutch  pretty  large  for 

had  t:>  do,  .Then,  further,  h?  t:iDU?'iit  the 
ry  good  one.  The  mechanism  operated  by  tbe  press- 
■ast  iron  plates  against  another  disc  having  wooden 
—the  wood  wearing  on  the  ends— I.e..  the  pressure 
s  end  of  the  wood  fibres,  Tt  had  given  great 
a  there  had  been  hardly  any  trouble  with  it,     Tbe 
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clutches]  would  slip  under  a  certain  pressure,  and  this  was  d9ne  in 
tho  operation  of  checking  and  reversing  the  bridge — one  of  the 
neatest  operations  imaginable.  The  bridge  started  up  slowly,  came 
up  to  full  speed,  and  then  swung  into  place,  slowing  down  and 
coming  to  rest  as  nicely  as  possible. 

Mr.  Thornton  asked  what  kind  of  wood  was  used  for  pins,  and 
whethier  they  were  put  in  stearic  acid  for  insulating  or  preserving 
purposes?  When  the  line  was  built  from  Chambly  to  Montreal,  the 
pins  were  boiled  for  several  hours  in  paraffine.  Careful  observa- 
tions had  shown  that  the  paraffine  had  evaporated  to  a  great  ex- 
tent, and  it  was  a  question  whether  it  paid  to  treat  the  pins  at  all. 

Mr.  Leonard  answered  that  the  difference  between  paraffine 
and  stearic  acid  was  that  paraffine  exposed  to  the  sun  would  evap- 
orate. Stearic  acid  dried  very  hard,  and  held  its  body  well.  It 
stood  the  weather,  and  at  the  same  time  formed  a  good  coating, 
which  was  an  insulator  and  worked  very  well.  The  pins  were 
hickory — that  is,  most  of  them.  The  supply  had  run  out,  and 
some  locust  pins  were  used,  they  were  all  treated  in  the  same 
way,  boiled  in  stearic  acid,  for  perhaps  half  an  ho^r.  It  seemed 
to  fill  the  pores  of  the  pin'.  Stearic  acid  was  a  good  preservative 
and  a  good  insulator  at  the  same  time. 

Prof. Herdt  stated  in  connection  with  friction  clutches  that  he 
had  a  sketch  of  the  proposed  mechanism  for  operating  the  bridgebi 
on  the  Lachlne  Canal.  It  was  a  very  simple  method  and  very 
similar  to  the  apparatus  used  in  connection  with  the  operation  of 
the  bridges  spanning  the  Soulanges  Canal.  The  sketch  showed 
method  employed  and  the  special  friction  clutches  in  use.  This 
apparatus  was  working  very  successfully. 

Mr.   Leonard  stated  that  he  did  not  believe  in  the  practice  cf 
reversing  the  motor. 
Burson.  j^r.   Burson  said  the  motor  was  reversed  to    slow    down    the 

bridge.     It  was  done  by  the  throwing  over  oT  a  switch. 
Mr.  waibank-  Mr.  W.  McL.  Walbank  asked  Prof.  Herdt  if  he  had  any  Idea 

what  the  cost  of  maintenance  was  for    the    arc    lamps  along  the 
Lachlne  Canal? 

Prof.  Herdt  answered  that  this  had  not  been  figured  out  yet- 
that  the  lamps  had  not  been  in  operation  a  sufficient  length  ol 
time.  According  to  the  reports  of  the  inspectors,  there  were  on  an 
average  99  lamps  burning  out  of  a  hundred  every  night.  He  had 
gone  over  the  circuits  many  times  personally,  and  there  had  been 
little  trouble  with  the  arc  lamps. 

Mr.  Walbank  wished  to  know  how  that  compared  with  the 
Cornwall  Canal. 

Mr.  Leonard  replied  that  on  the  Cornwall  there  had  been  some 
trouble  with  10,000  V.  circuits.  Those  on  the  Lachlne  Canal  were 
operated  at  2,400  V.  only. 


Hr.  Leonard. 


Herdt. 


Mr.  Walb«i:k. 


Ir.  Leonard. 


General  Section. 

March  31,  1904,  Mr.  W.  McLea  Walbank  In  the  chair.  In  iht 
absence  of  the  author  the  following  paper  was  read  by  Mr.  J.  G. 
0.  Kerry:  — 


PAPKR  No.  30S 

THE  SHUBENACADIE  RIVER  BRIDGE— MIDLAND  RAILWAY. 
Ey  J.  J.  TAYi-fB.  M,  Can.  Sec.  C.  E, 


The  Midland  Railway  of  Nova  Scotia  (the  air  line  between  the 
towns  ol  Truro  and  Windsor— flfiy-elght  milea  long)  crosses  thf 
Shubenacadie  River  on  a  single  track  bridge,  known  as  the  Shuben- 
acadie  River  Bridge. 

The  Shubenacadie  River  empties  Into  Cobequld  Bay.  and  may  bf 
said  to  be  really  an  arm  of  the  Bay  of  Fundy.  The  point  of  ctobe 
Ing  is  Ave  miles  up  from  the  mouth  of  the  River,  and  near  tbi 
village  of  South  Maitlaud.  The  river  at  the  point  of  croeaing  U 
about  1,220  feet  wide— high  water  mark  to  high  water  mark. 

The  tide  at  the  bridge  site  has  a  maximum  range  of  32.7  feet- 
extreme  low  to  extreme  high  water.  There  are.  of  courae,  twti 
tides  In  twenty-four  hours.  The  tide  begins  to  run  In  about  t«ii 
and  one-half  houre  before  the  time  of  high  tide.  About  Bve  houn 
after  the  time  of  high  tide  the  water  has  largely  run  out  again,  thuc 
leaving  the  sand  flats  bare  twice  In  every  twenty-four  hours  tot 
about  five  hours  each  time.  When  the  tide  Is  out  only  the  fresti 
water  flow  Is  left,  and  the  width  of  the  river  (channel)  Is  tben  odI' 
about  two  hundred  feet. 

Between  certain  elevations  of  both  flood  and  ebb  tide  the  currenl 
le  very  swift,  reaching  a  velocity  of  ten  to  fourteen  miles  per  houi 
on  the  spring  tides.  There  Is  practically  no  still  water  in  the  rivei 
at  thie  point,  and  at  the  time  of  high  water  there  are  never  mon 
than  forty  minutes  In  which  boats,  scows  and  materials  can  bi 
bandied  on  the  river. 

One  of  the  many  peculiarities  of  the  tide  was,  that  ]ust  after  H 
had  turned  from  flood  to  ebb,  and  when  the  current  was  runninf 
down  quite  swiftly  along  each  shore,  and  the  water  lowering  verti- 
cally, the  current  was  still  running  up  quite  swiftly  in  the  mlddlt 
of  the  river.  This  continued  for  about  one-half  hour  after  the  ebl 
tide  set  in.  With  the  coming  of  the  tide  we  had  what  is  known  a; 
the  Bay  ot  Fundy  "  Bore,"  but  not  reaching  a  greater  height  thai 
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becomes  necessary  to  go  to  reach  the  bed  rock,  and  to  accurate! 
determine  the  elcTatton  of  the  bed  rock. 

ir  the  contracting  company  tor  this  work  bad  not  been  ove 
taken  by  Dnancial  difficulties  Just  before  they  completed  the  wor 
the  probabllltlea  are  that  expensive  litigation  would  have  been  U 
result  of  inaccurate  borings. 

It  will  be  noticed,  however,  tltat  the  rock  line  shown  on  tli 
contract  profile  Is  marked  "  Stippatcd  Line  of  Rock,"  and  the  writt 
might  say  that  the  contract  with  the  Engineering  Contract  Co.  coi 
talaed  a  clause  as  follows:  — 

"The  contract  price  (lump  sum)  hereinafter  mentioned  covei 
"  the  works  and  is  based  upon  quantities  Indicated  on  the  plar 
"  annexed.  Should  the  total  work  done  by  the  contractors  eic« 
"  by  more  than  two  per  cent-  the  total  quantities  Indicated  on  sal 
"  plans,  the  excess  over  two  per  cent,  shall  be  paid  tor  by  the  Con 
"  pans'  to  the  Contractors  at  the  rates  hereinafter  mentlone 
"  Should  It  be  less  by  more  than  two  per  cent.,  the  shortage  oti 
"  two  per  cent  shall  be  allowed  for  by  the  Contractors  at  the  sap 
"  rates.  The  Company  stipulate  the  right  to  alter  the  site  of  ai 
"  of  the  piers  and  to  diminish  their  number,  provided  always,  tl 
"  new  location  of  any  pier  be  In  the  Shubenacadie  River,  on  tl 
"  line  of  said  Hallway  ;  In  such  case,  If  the  change  of  the  site  oF 
"pier  should  Increase  or  diminish  the  Contractors'  work  as  sbov 
"by  said  plans  and  surve3*H,  auch  increase  shall  be  paid  fo?  by  l! 
"Company,  and  such  decrease  shall  be  allowed  for  by  the  Co 
"tractors  at  the  following  rates,  namely  :— 115  per  cubic  yard 
"  concrete  in  any  pier,  pedestal  or  abutment,  to  cover  excavatlo 
"timber.  Iron,  and  all  other  Items." 

This  would  seem  to  provide  a  Imsis  of  payment  for  any  eit 
depth  the  contractors  might  have  to  go  with  any  pier.  etc.. 
reach  the  bed  rock,  and  It  was  made  to  provide  for  It  on  this  woi 

In  the  writer's  opinion  It  is  due  to  a  contractor,  and  more  espt 
lally  when  entering  upon  a  difficult,  dangerous  and  expensive  wc 
such  as  this  was.  to  provide  him  with  accurate  data;  such  as  stra 
through  which  he  would  hive  to  pass  In  order  to  reach  the  roc! 
location  of  the  rock  ;  facts  relating  to  tides  and  currents  ;  and  a 
and  all  information  that  would  be  of  a  helpful  character. 

In  the  first  place  It  Is  necessary  to  get  all  thla  data  In  order 
determlns  the  proper  type  of  structure  for  any  given  locality,  a 
afterwards,  to  design  It  Intelligently,  so  that.  In  getting  It,  no  exi 
expense  Is  Incurred  on  the  contractor's  account 

The  collecting  o[  this  data  means  money,  and  the  reason  tl 
it  Is  not  given  Is  nearly  always  the  disposition  on  the  part  of  m 
companies  to  unduly  cut  down  legitimate  engineering  expenses. 
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first  carried  over  tbe  eaatero  tower  and  cccured  at  that  eni. 
When  all  at  work  on  the  flaU  on  the  first  day  of  trial,  the  •■Bore" 
came  along,  and  when  the  tide  went  down  again,  and  the  flats  were 
bare,  eight  hundred  feet  of  the  cable  was  burled  below  five  leet  oC 
sand.  The  cable  was  raised  and  lu  position  three  days  later.  But, 
II.  Is  to  be  tjoroe  Id  mind  that  this  does  not  mean  three  working  da;e 
of  ten  hours  each,  but  snatching  a  few  hours  each  day  when  the  tide 
was  off  tbe  flats. 

The  utility  of  this  cabteway  In  the  building  of  these  piera  cannot 
be  too  highly  spoken  off.  Men  and  materials  were  transferred  from 
any  point  to  any  other  point  on  the  cableway  at  all  times.  It  was 
rarely  out  of  order,  and  gave  endless  satisfaction.  Indeed,  It  seeins 
hardly  too  much  to  say  that  the  work  could  not  have  been  done 
without  tt 

As  previously  stated,  all  abutmenta,  pedestals  aud  plera  are  of 
concrete,  surmounted  by  granite  bridge  seats  two  feet  thick.  Tbe 
total  quantity  of  concrete  in  this  work  Is  about  eight  thousand 
cubic  yards,  and  cement  averages  one  and  one-half  barrels  to  the 
yard. 

The  concrete  Is  In  three  grades:  — 
No.  1,  used  from  the  rock  to  two  feet  above  low  water,  and  of  the 
following  proportions  ;— 

Cement 1 

Sand iH 

Gravel 1      (not  over  li  inch  dia.) 

Crushed    stone 3        "         "2 

No.  2,  used  for  facing— one  foot  thick— from  two  feet  above  low 
water  to  under  side  bf  bridge  seat,  and  of  the  following  pro- 
portions : — 

Cement 1 

Sand 2 

Gravel 1  (not  exceeding!  in.  In  dia.) 

No.  3,  uaed  for  hearting,  from  two  feet  above  low  water  to  under 
side  of  bridge  seat,  and  of  the  following  proportions  : — 

Cement 1 

Sand I'A 

Gravel 1      (not  over  ^i  Inch  dla.) 

Crushed  stone 4         "      "     2    "        " 

All  the  concrete  Ingredients  In  this  work  are  the  very  best  ol 
their  several  kinds.  The  mixing  was  done  by  hand,  most  thor- 
oughly. The  cement  used  was  J.  B.  White  &  Brothers'  Kngllst 
Foriland.    The  aind,  clean  and  coarae,  come  from  Five  Islands,  on 
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timber  caissons  being  tn  each  case  carried  down  through  the  over 
lying  strata  to  the  bed  rock  below. 

A  general  idea  of  the  construction  of  these  caissons  can  be  hv 
from  plan  "  A."  They  were  built  at  an  old  shipyard  about  three 
quarters  of  a  mile  up  river  from  the  bridge  site.  They  were  buit 
on  launchways,  christened  and  launcbed  similarly  to  a  vessel.  Thei 
were  oblong  and  with  a  cutwater  on  each  end. 
Outside  length   point  to   point.  .62  feet 

Inside         " ,56    " 

Outside       "  shoulder  to  shoulder. 38    " 

Inside         "         ..3514- 

Outside  width 24  end  2G  feet. 

Inside        "      UVz  feet 

Outside  height,  shoe  to  top  of  deck  IO14    "        (on  3  tier  roof,  an-l 
Insldehelght,  shoe  to  roof  of  deck    7       "        ft.  less  on  2  tier  root 

They  are  biillt  of  12  x  12  selected  white  hemlock,  and  line 
Inside  (roof  and  sides)  with  3-lnch  hemlock  plank,  oakum  caulkfi 
and  air  tight,  deck  Boored  with  3-inch  hemlock  plank  and  oakm 
caulked  ;  sides  and  root  double  12  x  12  Umbers  In  case  of  Nos. 

In  view  of  the  possibility  of  having  to  sink  lower  than  Indicate 
by  the  prodle,  the  calasons  for  Nos.  3  and  4  were  strengthened  b 
an  additional  course  of  12  x  12  Inch  timber  on  the  roof,  makln 
three  courses  in  all,  the  tlrat  two  being  laid  transversely,  and  ti 
upper  course  laid  diagonally,  and  by  13  x  12  vertia 
timber,  laid  close  along  the  sides  and  cutwaters  (making  tbre 
courses  In  all),  and  1  Inch  screw-bolted  through  the  two  orlgim 
courses  of  side  timbers  at  top  and  bottom  of  verticals,  and  dri. 
bolted  in  between,  and  also  edge  bolted  (the  one  vertical  to  the  t» 
adjoining  it),  with  one  Inch  drift  bolts. 

Photo  No.  2  shows  the  caisson  "  Z.  J.  Fowler  "  (or  No.  4  pie 
strengthened  as  above  described,  and  on  the  way  down  from  tt 
shipyard  to  the  bridge  site.  This  view  shows  very  little  of  tt 
caisson  proper,  as  that  is  submerged.  It  shows  the  first  three  13 
12  courses  of  crib  timber  above  the  caisson  roof,  also  the  first  ste 
pneumatic  section,  the  air  admission  pips,  and  the  blow  out  piP 
and  the  upper  timbers  of  a  very  special  feature  of  these  caisson 
namely  : — the  mooring  crib,  to  which  was  secured  the  heavy  ste 
cables  which  held  the  caisson  In  position  against  the  fierce  tides. 

As  shown  by  plan  "  A."  all  these  caissons  were  braced  again 
pressure  from  without  by  four  12  x  12  (caissons  Nos.  2  and  5),  ax 
four  12  X  18  and  12  x  24  (caissons  Nos.  3  and  4).  hemlock  timbe' 
roscIilnE  across  the  caisson  or  working  chamber,  and  placed  Ju 
above  the  shoe.  These  timbers  were  cut  about  four  inches  shoi 
and  any  slacit  fallen  up  by  hardwood  keys  at  one  end  of  each  brae 
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«ctly  on  the  up  ttream  west  aide.  Two  of  the  breast  IIdbb  parted, 
and  It  grounded  several  (eel  oft  position.  On  the  tollowlDg  day  the 
same  process  was  gone  through,  but  the  strength  of  the  tide  vas  bo 
great  that  It  could  not  be  pulled  Into  position.  The  men  had  jut 
heen  taken  off  by  the  cableway  to  wait  until  next  day.  when  one  of 
the  lines  parted  and  the  caisson  turned  bottom  up.  Preparations 
were  Immediately  made  to  right  It,  and  the  day  following  In  at- 
tempting to  do  so.  it  turned  a  complete  revolution,  parted  all  moor- 
ing lines  and  went  bottom  up  four  miles  up  tbe  river  on  the  flood 
tide.  It  was  brought  back  to  the  shipyard,  the  floating  load  of  con- 
crete (which  all  these  upturnlngs  and  buSetinga  had  failed  to  dis- 
lodge) was  removed,  end  was  righted,  repaired,  and  Anally  located 
two  weeks  later.  These  are  only  two  of  the  many  similar  instances 
which  occurred  during  the  progress  of  this  work. 

We  have  now  the  c.-J=son  located  In  proper  position  on  a  pier 
site,  and  ready  to  proceed  downwards  through  the  sand,  gravel,  etc.. 
to  the  bed  rock,  having  Just  enough  concrete  on  Its  root  to  over- 
eome  bouyancy  and  keep  it  in  |)Daltlon. 

It  was  next  in  order  to  tow  out  tlie  machinery  barge  containing 
the  compressed  air  and  electric  light  plants,  and  moor  it 
safely  on  one  side  of  the  caisson,  and  the  derrick  'barge  contain- 
ing the  engine  and  derrick  for  hoUtlng  out  material  from  caisson, 
etc..  and  moor  It  on  the  other  side.  These  were  twin  barges,  each 
go  by  22  and  71i  feet  deep,  hardwood  frames,  spruce  covered,  and 
very  strongly  biillt  (or  the  work.  In  the  hold  of  the  machinery 
barge  were  placed  as  many  oil  caaks  as  it  would  accommodate. 
These  were  all  connected  by  piping,  and  held  the  water  eupply  for 
boilers.  The  air  lock  was  then  put  on  the  first  steel 
rsection,  th:^  shirt  went  in,  and  the  caisson  started  down. 
The  air  locU  used  was  a  combination  man  and  material,  of  the 
Moran  type,  with  the  usual  double  doors  and  appliances  In  which 
the  material  bucket  is  lowered  and  raised  through  the  shaft  and 
lock  by  an  outside  derrick!,  the  wire  cable  playing  through  a  stuff- 
ing box  In  the  centre  of  the  outer  lock  door,  which  consists  of  two 
aeml-elrcular  loaves  coming  together  around  this  stuffing  boi. 
Below  the  loc'<  the  material  and  man  shaft  was  separated  only  by 
an  open  Iron  grill  work,  so  that  It  was  not  comfortable  for  a  man 
to  be  climbing  or  descending  the  ladder  when  a  batch  of  concrete 
was  dumped  down  the  material  shaft. 

The  shifts  went  down  In  the  caissons  when  the  tide  was  about 
three-quarters  on  the  ebb,  and  always  came  out  when  the  "Bore," 
or  Incoming  tide  reached  the  bridge  site  ;  the  time  In  which  no  men 
were  In  the  caissons  being  the  time  of  the  strongest  run  of  the  tide. 
This  made  two  shifts,  about  five  to  six  hours  each  In  the  twenty- 
tour  hoMrs— nfteen  to  twenty-five  men  to  a  shift.      One  shift  would 
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1  the  shoe,  throwing  material  into 
>er  conveniently  near  tbe  abatt. 
his  material,  and  also  tbe  centre 
would  be  hoisted  up  tbe  shaft  a] 
derrick  on  the  t>arKe,  and  dumpi 
pipes  were  never'  used,  aa  the  m 
d. 

be  12  z  12  spruce  cribbing  was  be 
)  above  tbe  caisson,  as  shown  by 
aver  on  the  cable  way  and  placed  I 
it  with  electric  light  and  were  mo 
tbe  heat  of  summer  the  pipes  cot 
:ompreBHOrB  to  caissons  were  fasti 
below  the  water  Hoe,  thus  cooUt 
into  the  caisson. 

t  down  tbe  crib  timbers  were  put  c 
I  air  lock  was  taken  off,  another  s 
ilaced.  and  so  on.  Great  trouble  ■ 
green  concrete  from  being  scoui 
{  was  always  stopped  for  some  t 
river.  Tbe  concrete  was  then  cc 
ind  large  stones  placed,  close  aroun 
be  surface.  Protection  planks  wen 
e  was  lost 

irry  large  quantities  of  mud  seii 
:he  covering,  mahing  It  necessary 
:be  concrete  with  birch  and  domes 

also  used  In  this  concrete.  Thi 
Ion  will  show  bow  these  were  plac 
ch  round  bars  with  hooked  ends  ai 
Lvenient  lengths,  lapping  one  foot, 
e  sets  of  hooked  bars,  about  a  foi 
side,  and  carried  towards  the  pt 
sets  of  longitudinal  and  cross  bat 
p  of  the  concrete  at  intervals  of 
In  convenient  lengths,  lapping  on 
to  be  set  vertically  about  one  foi 
ste,  lour  feet  apart  on  the  sid?^,  a 
r  faces,  extending  from  top  to  bot 

/ere  from  five  to  eight  feet. 
■eached  the  bed  rock,  boles  were  di 
five  feet  centres,  and  two-Inch  dlE 
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dowel  bars  four  (eel  long,  were  grouted  in  and  projected  up  two 
feet  into  the  concrete. 

We  are  now  on  the  bed  rock  with  our  caisson.      The  auri'ace  of 
the  rock  Is  benched  level,  cleaned  off,  and  dowel  bolts  In  ready  tor 


The  work  of  preparing  the  bottom  for,  and  founding  No.  2  pier, 
although  done  by  pneumatic  process,  waa  somewhat  dlfterenl  Irom 
the  others.  In  that  the  site  of  this  pier  (which  carries  the  draw 
machinery)  was  In  the  channel  and  on  the  bare  rock,  which,  at  this 
point  was  dipping  at  quite  an  angle.  It  was  necessary  to  bias;  down 
the  high  corner  during  the  few  minutes  at  extreme  low  water,  to  a 
roughly  level  aurface  ;  and  to  Hll  in  the  low  comer  up  to  the  same 
rough  level  with  hard  Impervious  clay  and  atone,  to  make  a  Und- 
ing  place  for  the  caisson.  The  fllllng  in  was  done  by  the  cnble- 
way.  The  hard  clay  and  boulders  which  had  been  excavated  ana 
hoisted  out  of  No.  5  caisson,  were  transferred  to  No.  2  pier  site. 
Once  Inalde.  the  caisson  waa  carried  down  through  the  rock  on  the 
high  end.  and  the  temporary  fllllng  on  the  low  end.  Two  or  thre; 
benches  were  made'on  this  bottom,  and  the  caisson  filled  up-  Thit 
work  was  ao  near  the  shore  that  the  machinery  barge  lay  up  on  th< 
bank,  and  the  compressed  air  was  conveyed  to  the  caisson  by  t 
long  pipe. 

Photo  No.  7  shows  the  elevation  platform  built  up  over  tbf 
pier,  and  on  a  level  with  the  top  of  the  air  lock,  and  used  to  trans- 
fer the  concrete  (after  It  was  dumped  on  the  platform  from  the 
cableway  bucket)  to  the  bucket  fixed  in  the  lock,  which  iht 
writer  will  now  describe.  It  will  be  understood  that  thla  elevateiJ 
platform  Is  uaed  solely  for  the  handling  of  concrete  going  into  the 
caisson.     It  Is  passed  down  by  the  following  method: — 

A  cylindrical  bucket  which  has  a  hopper  bottom  and  Is  aboui 
two  and  one-half  feet  In  diameter,  and  about  eight  feet  long,  l! 
securely  wedged  Into  place  in  the  air  lock  between  the  lower  and 
upper  doors.  This  hopper  bottom  Is  dropped  and  raised  from  tb( 
elevated  platform  by  a  wire  rope,  which  passes  up  through  th« 
bucket,  and  (by  a  stuffing  box)  between  the  two  halves  of  the  uppe' 
air  lock  door  to  the  platform  above.  When  the  bucket 
is  being  filled  with  concrete  the  hopper  bottom  Is,  of  course 
closed,  as  is  also  the  lower  air  lock  door.  When  the  buckel 
Is  full  the  upper  air  lock  door  is  shut,  the  lower  door  opened.  th( 
hopper  bottom  of  the  bucket  tripped,  and  the  concrete  falls  through 
the  shaft  on  to  a  platform  at  the  bottom,  and  la  shovelled  to  desti- 
nation and  tamped.  This  cylindrical  bucket  la  stationary  durlni 
the  process  of  fllllng  the  caisson.      When  this  Is  completed  the  aii 
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Betore  closing  the  first  portion  ol  hie  paper,  the  writer  wishes 
add  a  tribute  to  the  executive  men  and  the  rank  and  file  who  carri 
this  most  difficult  work  to  a  succeseful  conclusion.  The  men 
charge  were  Full  of  nerve  and  determination,  and  were  most  . 
sourcetul.  Two  of  the  best  foremen  have  since  lost  their  lives  wh 
In  the  discharge  of  their  duties  on  pneumatic  work  In  the  Unit 
States. 


Supersiructure, 

The  second  pan  of  this  paper  will  be  a  abort  description  of  t 
methods  used  in  erecting  and  Boating  in  the  steel  spans. 

Between  pier  No.  2  and  the  east  abutment  there  are  five  spsi 
each  215  feet  long  between  end  pins.  The  spans  are  of  the  [ 
connected  camel  back  truss  type,  each  span  weighing  about  IGO  toi 
and  were  built,  erected  and  Qoated  in  by  the  Dominion  Bridge  C 
of  Montreal. 

The  two  spans  between  the  east  abutment  and  pier  No.  5  W( 
erected  on  steel  [alse  work  during  the  autumn  of  1900.  On  accoii 
of  the  swiftness  of  the  current  and  (ores  of  the  tide  it  was  i: 
thought  prudent  to  use  false  work  farther  out  than  pier  6.  coat 
quently  the  remaining  three  spans,  between  piers  S  and  Z,  we 
erected  on  shore  on  wooden  false  work,  and,  at  high  water,  float 
to  position  on  the  large  twin  barges,  which  had  previously  bp' 
used  by  the  sub-structure  contraciors  as  a  derrick  barge  and 
machinery  barge,  and  which  have  been  described  in  part  I.  of  tt 
paper. 

The  Dominion  Bridge  Co.  selected  the  eastern  or  Truro  slJ" 
the  river  as  the  base  of  their  operations  owing  to  its  having  rf 
connection  with  Truro.  There  was  also  a  convenient  area  of  le> 
land  iniediately  south  of  the  east  abutment,  which  ottered  a  bo> 
Eite  for  assembling  and  erecting  the  steel.  They  constructed  tv 
narrow  wharves  exactly  parallel  to  each  other,  and  roughly  parall 
to  the  centre  line  of  bridge.  These  wharves  each  projected  130  fp 
from  high  water  mark  out  into  the  river.  They  were  215  feet  apa: 
centre  to  centre.  They  each  consisted  of  10  narrow  pile  bents.  H 
feel  centres,  four  piles  to  each  bent,  X  braced  and  double  cipp' 
snd  with  five  lines  of  20  inch  I  beam  stringers  along  each  what 
surmounted  by  wooden  ties  and  double  lines  of  rails  on  each  what 
Top  of  rail,  six  fpet  aijove  high  water. 

A  heavy  eight-wheel  truck  was  set  up  on  the  rails  of  eai 
wharf.  The  shoes  of  each  span  rested  upon  these  trucks.  Woodt 
false  work  supported  the  span  between  the  parallel  wharves  durin 
erection.      As  soon  as  the  span  was  erected    the  trucks  with  th" 
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dowD  on  tbe  bridge  seats.  At  1.22  p.m.  the  four  sboes  rest 
n  the  bridge  seats.  Tbe  Qoatlng  in  of  tble  span  1b  well  shown 
le  photos  numbered  10a  and  11.  These  photos  are  also  typical 
lie  Qoating  in  of  the  other  two  spans.  It  will  be  noticed  that  eii 
linutes  is  not  long  for  a  tusU  such  as  this.  The  succe 
il  passage  of  this  span  from  the  parallel  wharves  to  its  6 
ination  bad  considerable  good  fortune  attached  to  it.  This  di 
ot,  tn  the  slightest  degree,  reflect  on  the  foreman  in  charge  of  tl 
'ork  or  the  men  under  bim.  The  foreman  was  a  thoroug) 
iipable  and  careful  man,  and  was  well  supported  by  hie  men. 

Previous  to  this  floating    span    starting   out   from    the    paral 
'harves    for    its    destination,    both    the   %    inch    winding   cab 
between  the  last  sheave  and  the  end  of  tbe  floating  span)  had  i 
eea  lying  on  the  river  bed.  but   had    been    temporarily   supper 
long  the  greater  portion  of  this  length  by  being  suspended  fn 
ne  lower  chord  bars  of  the    two    spans  already  In  position. 
3on  as  the  floating  span    had    cleared   the    ends   of    tbe    paral 
'harves.  the  shorter    length  {I.e.,  the    length  going  to  the  near 
nd  of  floating  span)  was  dropped  from  the  lower  chord  bars  li 
He  water.      The  sag  of  this  cable  as  It  dropped  and  sank  cam 
le  end  of  the  span  to  which  It  was  attached  to  start  violently  f 
'ard.       Just  about  this  time   the    longer    length    (i.e..  the    lenj 
oing  to  the  farthest  end  of  floating  span)  was  dropped,  the  sag 
■bich  caused  the  other  end  of  the  span  to  do  the  same,  so  that  I 
oatlng  span.  Instead  of  moving  out  regularly  and  uniform 
arges  at  the  aame  time— zig-zagged  (  as  it  were)  to  posit 
.  might  almost  be  said  that  the  two  winding  engines  did  1! 
lan  wind  up  the  slaclc  of  the  cable,  as  first  one  barge  and 
ther  shot  forward,  being  moved   nearly  altogether  by  the 
t  the  cables. 

After  the  various  spana  were  In  between  the  piers  and  r 
le  tide  to  lower  them  on  to  the  bridge  seats,  they  were  kept  to  I 
mtre  line  of  (he  bridge,  thai  is,  to  the  correct  lateral  position, 
le  ebb  tide  causing  the  sides  of  the  spana  to  bear  and  slide  do 
gainst  four  heavy  vertical  timbers  (two  on  each  pier),  which  li 
revlously  been  secured  In  tbe  correct  positions,  and  they  were  ki 
)  their  correct  positions  longitudinally  by  four  men  with  bars 
ich  shoe,  the  span  being  moved  longitudinally  with  great  ease. 

A  few  minutes  after  the  spans  rested  on  the  piers,  the  t 
arges  dropped  away  on  the  ebb  tide,  and  were  beached  Just  beli 
10  bridge  and  brought  bacic  on  the  flood  tide  following,  ready 
iVe  out  the  next  span. 

The  span  Just  placed  was  then  completed,  the  track  laid,  and  t 
Indlng   engines    advanced    one   span    length    until    they  occnpl 
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rrom  the  parallel  wharves  to  between  t 
one   to   each    harge,  but   this  was   mo 
'irfore  the  work  was  done, 
le  arrangement   by  wbfch  the  spans  <re 
om  the  ofllce  of  the  Dominion  Bridge  C< 
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WW  attended  with  considerable  good  fortune,  it  being  towed  Irreg 
larly  to  poaltloD  by  the  weight  □(  the  cables  aa  they  sagged  to  ti 
bottom  ot  the  river.  Tble  was  reported  at  the  time,  but  on  inve 
ligation  It  was  concluded  that  ttie  unexpected  movement  of  t 
span  was  not  due  bo  much  to  the  weight  of  the  cables  aa  .to  tl 
force  ot  the  wind,  which  blew  diagonally  down  the  river  and  caug 
the  upper  portion  of  the  truss  fairly,  while  the  lower  part  wt 
Bbeltered  by  the  bank  and  the  force  of  the  wind  was  not  appreclat 
by  the  men  below. 

Experience  In  floating  spans  had  ataown  that  only  a  very  modt 
ate  breeze  was  needed  to  overcome  a  very  considerable  current, 
the  combined  surface  Of  the  trusses  formed  a  large  sail  area,  c 
posed  to  the  wind. 

It  was  appreciated  from  the  first  that  a  great  deal  of  risk  atten 
«d  handling  these  spans  by  cables  dragging  on  the  bottom  of  t 
river  because  of  the  chance  ot  tbe  cables  touling  some  obstruct! 
that  could  not  be  seen  at  low  tide  and  removed.  The  bottom 
tbe  river  was  a  bed  of  sand  several  feet  In  thickness,  which  was  a 
parently  picited  up  and  carried  up-stream  by  each  flood  tide  a 
brought  back  and  re-deposlted  with  the  falling  tide.  Logs  or  oth 
obstructions  covered  by  sand  at  low  tide  could  not  be  located  ai 
tbe  chance  that  a  cable  would  foul  some  such  obstruction  had  to 
taken.  Whether  the  cables  attached  to  the  third  span  did  foul  < 
the  crib  anchor  mentioned  by  the  author,  or  on  some  other  a 
structlon,  was  not  knowik 

The  author's  suggestion  that  It  would  have  been  better  to  ha 
liandled  tbe  spaas  by  tugs  Instead  of  hauling  them  into  position 
cables  was  a  very  natural  one  and  this  course  was  very  careful 
considered,  but  at  this  location  suitable  tugs  for  the  work  were  e 
available,  and  It  was  uncertain  if  they  could  be  procured  prompt 
vhen  wanted.  Experience  had  shown  that  tew  tug  men  could 
Induced  to  make  fast  alongside  of  tbe  barges  carrying  a  span  t 
-cause  of  fear  that  Homething  would  happen  and  the  apan  coi 
down  on  top  of  them,  and  It  was  considered  better  to  take  t 
chance  of  fouling  cables  rather  than  the  chance  ol  having  no  t' 
when  wanted  and  tug  crews  without  conflience  enough  tQ  get  und 
the  spans  and  handle  them  properly.  Ae  a  measure  of  safety 
case  ot  any  mishap,  a  tug  was  engaged  to  be  present  and  It  d 
good  service  when  a  cable  fouled  at  tbe  placing  of  the  third  span 

Mr.  M.  J,  Butler  said  he  thought  Mr.  Taylor's  paper  describi 
probably  the  most  dlfBcult  superstructure  that  hadiever  been  ca 
Tied  out  anywhere  in  the  world.  He  stated  that  he  was  down  at  tl 
Shubenacadie  River  and  saw  the  work  being  carried  on,  ai 
thoughl  no  one  from  (he  way  in  which  it  had  been  described  cou 
appreciate   the    dangers   and    difficulties   encountered  oa   the   wor 
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,.  and  he  did  not  believe  such  a  thing  ever  took  place.  The  ro 
were  usually  buckled  It  aireased  at  all, — there  was  absolutely 
reason  why  tbey  should  go  In,  and  it  was  a  waste  of  moasy  to  b 
in  such  large  tension  members  in  pneumatic  caissons. 

There  were  several  other  points  which  he  had  not  had  tit 
lu  (oasld«r,  upon  which  more  might  be  said.  He  desir 
to  Bay  that,  having  seen  the  worli  on  the  ground,  he  wished  Co  b« 
witness  to  the  very  excellent  manner  In  which  the  work  was  doi 
and  thought  it  a  very  creditable  feat  to  all  coficerned,— the  officf 
and  men  ol  the  Engineering  Contract  Co-,  and  of  the  Domtoi 
Bridge  Company  and  other  men  on  their  behalf,  who  so  succeasfu 
handled  the  superstructure. 
I'.  Mr.  Henry  Holgate  said  that  the  subject  at  Mr.  Taylor's  pap 
was  interesting,  and  the  Srst  thing  that  struck  one  was  the  ii 
mense  tidal  variation;  the  Shubenacadie  River  itself  was  a  coi 
paralively  insigniflcant  stream,  but  at  the  point  of  the  crossing 
the  Midland  Railway,  the  river  was  au  arm  of  the  sea  and  sutiji 
to  a  tide  of  32.7  (eet.  , 

The  difficulties  of  founding  piera  in  the  river  bed.  where  tl 
variation  was  liable  to  occur,  and  where  the  tidal  variation  was 
ways  very  great,  could  easily  be  imagined.  The  conditions  call 
lor  the  exercise  of  the  greatest  of  care  and  good  judgment  In  pli 
ing.  anchoring  and  sinking  the  caissons. 

The  natural  conditions  were  quite  severe  enough,  but  were  agg! 
vated  by  the  placing  of  the  piers  at  right  angles  to  the  centre  11 
of  the  railway  and  not  parallel  to  the  course  of  the  river  curren 
which  might  have  been  done  to  the  advantage  of  thia  structu 
He  stated  that  he  bad  measured  the  speed  of  WJ  inHowing  tide 
one  of  the  piera  and  found  it  to  be  IS  feet  per  second,  bo  that  t 
difficulties  arising  from  the  location  of  the  piers  in  respect  to  t 
current  could  readily  be  appreciated,  especially  as  the  current  alt 
nate^  up  and  down  stream  at  regular  tidal  intervals. 

The  history  of  the  sulistructure  o(  this  bridge  conveyed  a  v< 
practical  lesson  to  engineers.  In  the  first  place,  the  prellmlne 
work  necessary  to  lead  to  a  proper  knowledge  of  the  material  up 
which  to  found  the  piers,  was  not  thoroughly  done,  and  the  infi 
matlon  given  on  the  cross-section  and  plans  was  not  ol  a.  cone 
sive  nature.  It  waa  therefore  a  wonder  that  any  contractor  woi 
agree  Cor  a  lump  sum  to  build  the  work. 

Prior  to  the  signing  of  the  contract,  this  question  had  been  d 
cussed,  and,  while  the  chief  engineer  wished  the  contractors  to  i 
sume  the  correctness  of  his  profile,  he  would  not  erase  the  wc 
■"supposed,"  so  that  the  contract  was  executed  with  this  very  i 
portant  information  unknown  to  either  party.  The  table  given 
Mr.  Taylor,  showing  the  depths  found  at  various  piers  from  t 
"supposed"  to  the  "actual"  level  of  rock,  suOlcientiy  proved  the  ; 
accuracies  in  the  preliminary  information. 
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iC'  It  would  certainly  appear  tbat  that,  at  all  Bltuatloos,  'was  on' 
which  a  long  span  would  bave  been  advisable:  first,  on  accoui 
the  extreme  difficulty  of  putting  In  Ae  plera,  and,  secoDd,  bee 
of  the  obWructlon  of  the  piers  themselves.  Great  Ingenuity 
called  for  on  the  part  ot  those  conducting  this  work  aa  has  I 
made  evident  to  us.  The  greatest  difficulties  were  imposed  i 
them,  and  It  seems  to  me  to  have  been,  to  some  extent,  unnecesE 
1(  a  thorough  knowledge  of  the  work  had  been  obtained  In  the 
place.  If  a  plan  ot  substructure  has  been  made,  adapted  to 
superstructure  and  adapting  itself  to  the  existing  conditions, 
difficulties  would  have  been  largely  reduced  and  the  final  resu 
seems  to  me,  very  much  better. 

"There  Is  nothing,  it  seems  to  me,  more  important,  in 
preparation  for  the  building  ot  any  bMdge,  than  to  ascertain 
the  greatest  accuracy  all  the_  conditions  and  surroundings,  not 
with  regard  to  the  difficulty  ot  doing  the  work  but  the  good  ji; 
meot  to  be  exercised  in  planning  It  Very  often  economical  met 
can  be  used  when  you  know  perfectly  the  conditions  with  which 
Itave  to  deal.  Those  of  us  who  are  gray-headed  have  learned  t 
things  by  sad  experience,  and  here  is  a  notable  example  of  a 
great  deal  ot  difficulty  growing  out  ot  want  ot  knowledge  of 
conditions  and  want  of  adaption  ot  the  plans  to  the  conditions. 
Mr.  J.  G.  G.  Kerry  staled  that  he  would  like  to  bring  up 
point  in  regard  to  a  contract  such  as  this  one.  A 
del  piece  of  work  was  undertaken  by  contract,  treque 
for  a  lump  sura.  The  contract  was  ta!;en  hy  a  contracting  com] 
who  had  a  full  knowledge  of  this  class  of  work.  The  enginee 
stafi  In  charge  of  the  work  had  probably  had  no  special  experl 
In  the  particular  line  of  construction  that  was  being  underti 
and  had  had  no  opportunity  to  learn  its  difficulties.  The  engii 
lug  staff  prepared  data  to  the  best  of  its  judgment  and  ability, 
the  constructing  company  were  perfectly  aware  of  the  degree 
accuracy  with  which  the  work  had  been  done.  They  were 
taking  the  entire  risk  in  taking  the  contract.  Upon  whom  sh 
the  profe?'5iona!  onus  ot  proceeding  with  inaccurate  data,  r 
There  seerns  no  excuse  for  a  company  that  would  not  allow  its 
gineers  to  secure  accurate  data,  but  It  also  seemed  an  extraordli 
thing  for  a  contracting  company  with  the  most  experienced  e 
neers  in  the  country  In  Its  employ,  to  start  to  carry  out  a  piec 
work  without  first  determining  the  accuracy  of  the  data  upon  w! 
the  plans  were  based.  It  would  certainly  have  paid  them  to  gi 
the  expense  ot  a  preliminary   investigation    before    the  workr, 

Mr.  Butler  remarked  that  there  waa  only  one  fair  way  to  t 
such  a  contract  and  that  was  on  the  schedule  basis. 
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aid  that  It  was  certaioty  the  duty 
bat  intormatloD.  Tbey  could  not  ex] 
of  coDtractora  to  work  out  that  dat 
1  getting  the  contractors  to  do  the 
rmatlon.    The  preliminary   Informa 

observed  that  Mr.  Kerry  bad  Mkeii 
rmatlon  after  tbey  bad  signed  the  ci 
the  work.    This  he  did  not  consiij 

ted  that  discussion  similar  to  the  pi 

ago  in  connection  wltb  some  lightl 
3  Government,  and  It  was  euggestei 
ilty  such  as  the  one  now  under  dlaci 
r  should  be  called  upon  to  tender 
IS- 

said  that  In  that  case  they  would  t 
lo  one  could  be  expected  to  get  all 
blng  tor  IL 

[cPherson  said  that  it  aeemed  to  bin 
ly  right  in  saying  that  the  only  wa 
ion  prepared  by  the  company.  The 
■  along  and  they  would  know  tron 
.h«m  what  they  had  got  to  tender  i 
on  that  information  they  were,  of 

If  they  considered  that  further  in 
>ught  to  say  so  before  taking  the  co: 

said  that  there  was  no  doubt  that 
be  had  to  carry  It  out.    The  Courts  1 

were  there  to  Interpret  contracts, 
tlon  under  discussion  was  wbetber 
leper  than  shown  on  the  plans.  It 
f  they  were  required  to  go  deeper  ( 
lid  additional  for  it.  It  may  be  true 
led  sum  of  (15.00  per  cubic  yard 
but  In  making  out  their  tender  the 
ap  sum  as  tbey  considered  necessai 
additional  depths.  However,  once  tl 
3  would  Interpret  that  contract, 
id  that  If  the  Information  were  (a 
t.  It  was  doubtful  whether  the  cou 
responsible. 

)bBerved,  In  regard  to  the  2%,  it  wai 
additional  work  was  of  the  same  na 
B  the. work  shown  on  the  plans,  bu 
lower  level  was  entirely  different  ai 
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:  to  handle.  Would  not  tfals  fact  affect  the  carrying  out  of  Buch 
arrangemeot? 

Mr.  Kerry  stated  that  Id  reading  this  paper  to-night,  he  had 
bad  time  to  grasp  the  whole  sense  of  the  dlffeTent  points,  bu 
appeared  to  him  in  taking  this  contract,  the  fact  that  the  infer 
tlon  was  incorrect  and  could  not  be  relied  upon  musi  have  1 
perfectly  known  to  those  who  understood  this  class  of  construct 
and  no  one  more  clearly  than  the  engineers  o(  the  construci 
company. 

He  said  that  he  was  not  sure,  but  thought  this  was  a  pan 
case  to  that  of  the  Cornwall  Bridge,  which  failed  from  exactly 
same  causes,  and  for  which  the  contracting  company  was  held 
sponsible. 

'  Mr.  Walbank  observed  that  if  they  took  the  contract  they  wi 
be  responsible  tor  it,  even  if  the  Information  were  not  correi 
once  they  signed  a  contract  they  had  to  carry  It  out. 

Mr.  Kerry  said  that  hla  argument  was  that  Immediately  b 
they  took  the  contract,  it  would  have  been  good  practice  on  the 
of  the  contractors  to  verify  the  data  furnished  to  them  before 
ceeding  with  the  construction. 

*■  Mr.  Walbank  said  that  it  might  have  been  good  practice  to 
certain  If  the  information  given  was  correct,  and.  if  not,  rrfus 
proceed. 

Mr.  Johnson  stated  that,  as  a  matter  ot  fact,  be  did  not  tl 
if  the  contractora  had  known  in  advance  that  the  plans  were  Id 
reel,  it  would  have  changed  matters  greatly,  except  that  they  w. 
have  known  better  what  to  provide  for  and  what  outfit  and 
terial  to  procure. 

Mr.  Butler  said  he  did  not  think  there  was  ever  a  trial  in 
nectlon  with  the  Cornwall  Bridge.  He  understood  that  the  s 
tlon  was  that  all  the  parties  in  Interest  became  Insolvent  an 
ii!d  not,  therefore,  eomo  to  a  trial  at  all.  The  New  York 
Ottawa  railway  company  went  in  the  receiver's  hands,  and  the 
slructlon  company  became  insolvent  and  no  adjudication  was 

[.  Mr.  Walbank  stated  that  he  bad  heard  of  a  case  which  occu 
some  years  ago,  where  the  contracting  firm  undertook  the  erec 
of  a  bridge.— be  understood  it  was  for  the  C.P.R.  He  believed 
protested  after  taking  the  contract,  against  going  ahead  with 
work  and  they  were  told  that  the  plans  were  standard  and  wi 
have  to  be  carried  out.  They  entered  a  notarial  protest  and  i 
on  with  the  work.  The  whole  54  spans  were  afterwards  bl 
down,  and  they  were  told  by  the  railway  company  that  they  W' 
have  to  maliC  It  good.  They  secured  legal  advice,  and  one  lai 
told  them  they  would  not  have  to  make  It  good,  but  another  lai 
told  them  that,  as  they  had  signed  a  contract,  they  were  respc 
ble  and  would  have  to  make  good  the  damage. 
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D. 
2~  Bright  tin  pipe.    OftUge  Zfl. 
Diameter  2" 

Tblcknena  0.018" 

LenKth  3G.3"  contAlne  4  Ibe.  water. 

External  surface      1.&4  sq.  ft 
B. 
2"  Lap-welded  charcoal  Iron  boiler  tube.    Black. 


Inside  dl&m 

1.810" 

Outside  " 

2.000" 

Thickness 

0.096" 

Length 

41"       conuina  3.805  lbs.  water. 

External  surface 

1.784  s<i.  ft 

!'■  Standard  but  welded 

stem  pipe.    Galvanized. 

Inside  dlam 

1,048" 

Outalde  " 

1.31B" 

Length 

0.134" 

Thicknem 

4.2G     contains  l.Eg  lbs.  water. 

External  surface 

1.463  eq.  ft 

A.  and  O.  were  Dlled  with  warm  water  and  exposed  under  a  i 
to  a  temperature  of  from  16°  to  20°  F.,  and  the  rate  of  coolln 
Illustrated  In  sccompanirtng  diagram  <Flg.  1). 

A,  B.  C.  and  E.  were  filled  with  warm  water  and  exposed  In 
open  air  on  a  verr  atlll  day  (no  perceptible  wind  blowing)  I 
temperature  of  from  7°  to  lO'F.  The  rate  of  cooling  is  lllusti 
in  Fig.  2,  which  also  Illustrates  the  rate  of  cooling  of  pipe  B., 
posed  to  a  wind  at  low  temperature. 

A.  B.  C.  D.  E.,  were  filled  with  warm  water  and  submerge 
etii]  water  under  the  ice,  and  the  experiment  was  repeated  ! 
current  of  water  at  32°  flowing  at  Hi  feet,  per  sec.,  and  the  ret 
are  shewn  In  figs.  3  to  7.  Fig.  S  shows  the  rate  of  cooling  in  ( 
the  current.  In  alt  cases  the  pipes  were  exposed  in  a  vertical  p 
tion  sheltered  from  the  sun. 

All  of  the  diagrams  show  irregularities  which  may  be  attrlb 
to  inaccuracies  in  reading  the  fine  divisions  on  the  thermometer 
to  possible  irregularity  in  circulation  of  the  warm  water  yi 
cooling  In  the  pipes.  Apart  from  these  irregularities  the  difte 
cea  between  figures  1  and  2  are  interesting. 

In  the  following  table  the  writer  compares  the  loss  In  B.  T, 
per  Bq.  ft.,  of  external  surface  from  the  different  pipes  under 
differing  conditions. 
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From  the  above  data  it  is  possible  to  calculate  approximately  the 
amount  of  warm  water  it  is  necessary  to  pump  throusb  the  hollow 
bars  of     a   rack  protecting  water  wheels  in  order  to   prevent  the 
accumulation    of    frazil    thereon,   as  it  is  necessary    to    raise  the  ; 
temperature  of  such  bars  but  a  fraction  of  a  degree  to  accomplish  | 
this   end. 

The  curves  indicate  that  water  slightly  warmed  loses  its  heat  . 
much  less  rapidly  than  hot  water  when  exposed  in  a  tube  to  a  cur- 
rent of  ice  cold  water. 

To  illustrate  the  practicability  of.  this  idea  the  example  of  one 
of  the  units  in  the  extension  of  the  Hamilton  Cataract  Power, 
Light  &  Traction  Ck).'s  plant  near  St  Catharines  may  be  taken. 

The  data  are  as  follows  : — 

Head  of  water,  267  feet. 

Capacity  of  turbine  245  c.  ft,  per  se^.,  delivered  through  steel 
penstock  6'  6"  diameter. 

Power  of  each  turbine  6,000  H.  P. 
Rack  is  18'  6"  wide  with  length  of  16  ft  submerged  at  ordinary 
water  level. 

Thin  iron  pipe  can  be  flattened  to  serve  as  bars  spaced  as  desired 
and  connected  top  and  bottom  with  headers  to  form  sections  of  the 
rack  suitable  for  the  circulation  of  warm  water  under  pressure  from 
a  pump. 

The  water  area  through  the  rack  may  be  arranged  to  allow  of  a 
current  of  1%  feet  per  second,  thus  corresponding  with  the  condi- 
tions existing  in  the  experiments  quoted  above. 

Now  assume  the  water  for  warming  the  rack  to  be  heated  to  66' 
and  returned  to  the  heater  at  a  temperature  of  35*"  after  being  ex- 
posed to  a  current  of  1%  feet  per  sec,  in  ice  cold  water.  This  loss 
of  31  "^  takes  place  in  4  min.,  from  a  T'  boiler  tube  from  1.6  lbs.,  of 
water  =  50  B.  T.  U.'s  from  a  surface  of  1.463  sq.  ft,  or,  say,  34 
B.  T.  U.'s  per  sq.  ft,  in  4  min.  or  510  B.  T.  U.'s  from  1  sq.  ft  per 
houf. 

The  total  pipe  surface  submerged  in  such  a  rack  equals  695.3 
sq.  ft,  therefore  the  transmission  of  heat  from  whole  rack  per 
hour  equals  354,603  B.  T.  U.'s. 

Assume  a  boiler  evaporating  9  lbs.,  water  from  and  at  212**  F. 
per  lb.,  coal  or  yielding  8,694,  B.  T.  U.'s  per  lb.,  coal  (latent  heat 
966  B.  T.  U.'s.) 

Therefore  the  coal  required  per  hour  to  warm  water  equals 
41  lbs.,  requiring  a  grate  area  of  5  sq.  ft,  (with  8  lbs.,  coal  burned 
per  hour  per  sq.  ft.  grate  area)  or  a  boiler  of  15  H.  P. 

The  quantity  of  water  to  be  heated  may  be  arrived  at  as  follows: 

1.6  lbs.,  water  loses  31  temp.,  in  4  min.,  or  at  the  rate  of  290 
B.  T.  U.'s  per  hour. 


■< 


DI3CDSSI0N. 

Mr,  Bkn-Koh«u         Uf.  B.  A.  RhyB-Roberta  wanted  to  know  whether  Buch  fla 

''  ~  Iron  pfpeB  had  ever  been  uaed  In  actual  practice. 

Mr.  Bq>^  Mr.  R.  A.  Rom  said  It  Beeraed  to  him  that  ordinarily  the 

had  little  enough  space  between  them,  and  the  pipea,  even  1 
teced,  would  occupy  conelderably  more  space  than  It  ordlnar 
were  uaed.  The  question  of  the  pipes  treezlng  up  and  bu 
would  be  aomething  whlob  would  haTd  to  be  carefully  consl 

Mr  DiuifT.  Prof.  R.  J.  Durley  said  he  had  had  considerable  ezperiei 

making  teats  on  the  loss  of  heat  from  Iron  pipes,  and  bad  fo 
by  no  means  easy  to  obtain  figures  wlilch  were  at  all  accordac 
this  case,  he  considered  the  tests  had  been  made  on  compare 
fthort  lengths  of  pipe,  containing  rather  a  email  quantity  of 
and  the  ecale  upon  which  the  experiments  were  made,  rather 
which  would,  of  course,  make  It  mora  dlfllcult  to  obtain  n 
resulta. 

In  regard  to  the  experiments  which  were  made  with  the 
exposed  to  the  air,  the  author  simply  stated  that  "the  pipes 
exposed  to  still  air."  It  had  been  tbe  speaker's  experience  tti 
making  such  experiments,  the  air  surrounding  the  pipes  was 
means  still.  The  fact  that  the  pipes  were  hot,  of  course,  cai 
current  of  air  to  pass  over  them.  The  figures  would  bave 
more  valuable  If  the  author  had  given  details  showing  how 
actual  circulation  of  the  atr  there  was.  In  reference  to  the  qu 
of  warming  the  rack  bars,  Mr.  Leonard  did  not  seem  to  ban 
templated  the  possibility  of  the  rack  bars  themselves  beci 
coated  with  Ice.  He  would  like  to  ask  some  of  the  memben 
had  had  experience  with  such  racks,  whether  the  racks  them 
did  not  become  coated  with  Ice.  He  could  not  see  how  the 
perature  of  the  metal  in  the  pipes  themselves  could  be  raised 
materially  until  all  the  ice  was  melted. 

Mr.  K*rri,  Pfof.  J.  G.  Kerry  said  the  evident  Intention  of  the  devic 

to  prevent  the  freezing  of  Ice  to  the  rack  bars  at  all,  by  hi 
them  before  any  freezing  took  place.  The  characteristic  of 
was  that  it  would  not  adhere  to  any  surface  If  the  tempei 
were  at  all  above  32  deg.  Pah. 

He  would  like  to  ask  of  the  members  who  had  had  expe 
In  connection  with  such  plants  as  to  the  practical  working  i 
device.  If  the  water  came  down  full  of  frazil,  the  device 
assured  that  the  frazil  would  pass  through  the  ri:cks,  as  no  pro 
was  made  for  the  breaking  up  of  the  frazil  by  heat.  Woul 
frazil  pass  through  the  turbines  after  It  had  passed  throug 
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X  in  tbe  turbines?     It  vould  be  about  asur.  Karrj. 

Frazil  clos  In  the  turbines  as  In  ttae  racks, 
vas  taken  up  to  a  small  extent  at  the  time 
I  address  to  the  Society  on  "Ice  Formation 
rhe  speaker  remembered  suggesting  to  blm, 
illtty  of  removing  frazil  from  the  water  to 

and  kindred  structures  by  the  direct  appU- 
jsbIdk  tbe  best  way  to  estimate  the  number 
u  any  particular  caae.  It  was  evident  that 
commercially  much  more  promiaing  with  a 
>eCew  Falls,  where  there  was  a  very  large 
ely  small  quantity  of  water,  ttian  In  one 
9  were  reversed.  On  account  of  the  very 
coal,  and  the  low  efficiency  of  the  ordinary 
slble  that  a  plant  which  utilized  its  boiler 
1  and  In  keeping  Its  water  wheels  running, 
be  more  efficient  than  one  which  used  the 
tor  an  auxiliary  steam  plant.  The  laws  of 
inveyance  were  sufficiently  coupled  to  make 

I  for  special   physical   Investigation. 

d  he  believed  there  had  been  considerable  u,  k,^ 
'ith  Ice  forming  on  the  wheel  Itsalf,  and 
There  was  also  the  chance  of  fraall  form- 
ilves,  because  the  temperature  of  the  upper 
Id.r  than  that  of  the  water.  This,  of  course, 
llding  a  house  or  shed  over  the  racks.  This 
[ul  as  a  shelter  for  the  men  when  they  were 

II  asked  wbetber,  in  the  designing  of  these  mi.  nimckw^i 
Ing  t^e  racks,  any  other  eectloa  of  hollow 

ered.  It  seemed  to  him  that  \t  Che  object 
t  the  Ice  should  pass  through,  a  flat  oval 
purpose  very  well.  He  had  not  noticed  any 
Battened  round  pipes,  to  which  the  author 
,  his  experiments.  The  speaker  could  not 
I  made  like  a  heater  would  not  serve  the 
re.  as  In  the  special  case  or  Mr,  Leonard's 
je  practically  free  from  blows  from  drifting 

bank  said  that  personally  he  did  not  have  ^^  waib.ni 

I  the  proposed  arrangement  for  the  average 

ids  six  or  seven  years'  experience  bad  been 

t  time    only  twice  was  there  any  difUcultj' 

Ihe  racks.    In  fact,  only  once  actually  from 

>n   this  occurred   before   the   head   race   was 

if.  It  was  not  Fr&ztl,  but  ice  frozen  solid  to 
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Mi.  wnihuii  the  racks,  whicb  were  ol  Iron  and  projected  several  feet  ab 
water  level.  To  obviate  this  difficulty  at  ttae  time,  the  tops 
racks  were  covered  with  snow  to  prevent  the  cold  being 
down  them.  The  plant  In  question  had,  however,  during  t 
two  years  been  operated  without  racks  and  no  trouble  hi 
experienced. 

Quite  poBslbly  the  pUn  of  heating  th«  racks  might  be  : 
fully  applied  to  very  small  plants  employing  a  high  head  an 
little  water,  but  even  then  It  was  doubtful  whether  It  wou 
paying  proposition  to  heat  the  racks,  and  it  would  be  p( 
out  of  the  question  In  planta  like  the  ona  cited  above. 

Hr.  Smith.  Ur.  C.  B.  Smith  said  that  Mr.    Leonard    bad    raised 

Important  question  by  his  Interesting  experiments  on  loss 
from  pipes  filled  with  bot  water  and  suiiject  to  flowing  coK 
and  to  give  the  matter  a  still  further  practical  application  1 
be  necessary  to  take  his  results  and  develop  them  to  a  lej 
conclusion. 

The  6,000  H.  P.  wheel  Instanced  required  24S  cu.  feet  i 
which  was  55,125,000  lbs.  of  water  per  hour,  and  Mr.  Leoni 
stated  that  a  IB  H.  P.  holler  would  generate  3M,G03  B.  T. 
hour,  which  would  only  affect  the  temperature  ol  the  water 
through  the  rack  1/lGO  degrees  PahL,  or  by  the  expendl 
2,400  M.  P.  the  temperature  could  be  raised  1  degree  Fat 
when  it  was  considered  that  the  latent  heat  of  ice  was  1 
B.  T.  U.S.  and  that  the  heating  eflect  was  only  required  w 
water  had  a  large  amount  of  frazil  or  anchor  ice  in  suspei 
was  evident  that  any  reasonable  expenditure  would  only  . 
Infinitesimal  effect.  Another  related  conclusion  was  that 
closed  forebay  room  would  aSord  a  comfortable  opportui 
men  to  keep  racks  raked  clean  In  winter  time,  but  would  ni 
any  appreciable  advantage  in  inducing  the  frazil  ice  to  pass 
the  ice  racks  without  adhering  to  them. 

Mr,  uomhI.  '"'■■  Leonard  replied  to  Mr.  Blacswell  that  flattened  iron  pi 
not  actually  been  used  for  such  purposes,  but  he  saw  no 
why  thin  circular  pipes  such  as  boiler  tubes  should  not  be  fl 
for  the  purpose  or  niade  of  oval  section.  More  space  fo 
would  have  to  be  provided  than  in  the  case  of  flat  bars  on 
of  Increased  thickness  of  such  oval  bars.  To  prevent  fre 
special  fluid  might  be  used,  or  the  tubular  rack  entirely  sub 
As  pointed  out  by  Mr.  Durley,  the  scale  on  which  the 
ments  were  made  was  small,  the  apparatus  rather  crude,  i 
results  consequently  not  as  accurate  as  might  be  desired: 
experiments  were  carried  out  under  working  conditions,  a 
nish  eome  reliable  Information  on  a  subject  which  had  not  i 
the  attention  It  deserved. 
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One  of  tbe  principal  reasons  that  continuous  current 
rapl^dly  giving  place  to  alternating  current,  Is  the  ease  with  ' 
the  latter  may  be  transformed  tram  low  voltage  and  large 
rents  to  higb  voltage  and  correBpondlngly  small  current, 
allowing  a  great  saving  In  copper,  where  the  current  has  to  b 
ried  any  distance. 

The  device  or  apparatus  used  to  bring  about  this  chan 
called  a  'Iraneformer,"  or  more  correctly,  a  "static  traasfoi 
to  distinguish  It  from  a  "rotary  trauaformer"  which  bas  m 

Static  traoBlonners  may  be  divided  rougbly  Into  two  g( 
claSBes.  namely,  "shell  transformers"  and  "core  transformers. 
ihe  former  the  Iron  is  built  up  around  the  wlndiDga,  while  1 
latter  the  colls  are  wound  on  the  core  as  a  centre. 

The  core  transformer  has  a  number  of  advantag^es  ov« 
Bhell  type,  and  on  that  account  Is  rapidly  replacing  It.  The 
of  the  former  Is  simpler  and  more  easily  constructed,  and  th( 
face  between  the  primary  and  secondary,  being  cylindrical  In 
line,  makes  It  possible  to  provide  the  simplest  and  most  eUt 
form  of  insulation  shield  between  the  high  and  low  potential 

It  has  become  a  very  efBclent  piece  of  apparatus,  large  t 
formers  having  an  efficiency  as  high  as  98%.  Its  advantages 
a  D.C  converter  are  quite  obvious,  when  it  Is  remembered  thf 
latier,  besides  costing  much  more  and  needing  constant  attei 
seldom  has  an  efficiency  of  more  than  90%. 

The  transformer  consists  of  a  laminated  iron  core,  upon  ' 
two  separate  and  distinct  coils  are  wound,  half  of  each  coil  on 
leg.  Plate  1,  Fig,  5.  When  an  alternating  current  la  aupplli 
one  of  these  coils.  It  produces  rapid  reversals  of  magnetism  ii 
iron,  and  these  In  lurn  Induce  an  alternating  electromotive 
In  the  other  coil. 


has  mare  tumi 

tber  of  turns, 

Plate 


Z3 


Tir 


m 


Tfrr 


lecondary.  Tb 
lary  has  the  li 
3t  the  seconds 
s  la  called  a  " 


228  Foreman  on  Core  Type  Transformers 

There  are  tour  essential  points  in  tranetormer  design,  nar 
hlgb  inBulaliOD,  low  Umperature  rise,  good  regulation,  and 
core  loss  or  bigb  elKclencir. 

High  Insulation  la  not  only  important  to  prevent  free 
burnouts  and  interruptions  In  the  service,  but  is  doubly  impo 
as  a  means  ot  safety  to  those  handllns  the  secondary  lines. 

Transformers  should  never  be  subjected  to  blgb  temperal 
as  tbe  Insulation  will  become  charred  and  brittle,  tbis  detei 
tlon  resulting  In  tbe  transformer  being  burned  out. 

For  alt  temperatures  over  S5  degrees  C.  the  iron  has  been : 
to  gradually  age,  causing  an  increase  la  core  loss.  This  pi 
menon  takes  place  more  rapidly  it  the  iron  is  subject  to  a  pre 

For  outdoor  work,  transformers  are  placed  in  cast  iron  i 
and  submerged  In  oil.  This  has  a  twofold  advantage.  The  . 
a  good  insulator,  and  helps  to  strengthen  any  weak  spots  ii 
insulation,  and  it  conducts  the  beat  to  the  other  surface,  i 
IL  Is  diaaipaled.  This  has  a  very  material  effect  on  the  ri 
temperature.  Transformer  oil  has  been  found  to  gradually 
lis  efficiency  as  an  insulating  medium,  when  the  temperature 
above  TO  degrees  C..  the  oil  being  broken  up,  and  carbon  and 
conducting  substances  deposited.  For  the  reasons  stated  a 
the  rise  ot  temperature  above  that  ot  the  surrounding  air  si 
never  exceed  50  degrees  C.  some  authorities  even  placing  It 


In  transformers  the  "regulation"  is  the  ratio  of  tbe  rise  ( 
secondaiy  terminal  voltage  from  full  load  to  ao  toad  (the  pri 
voltage  remaining  a  constant)    to  the  secondary  terminal  vc 

This  falling  oft  la  secondary  voltage  is  due  to  two  ct 
firstly,  magnetic  leakage,  and  secondly,  the  resistance  ol 
primary  and  secondary  coils. 

In  this  type  the  falling  ott  due  to  magnetic  leakage  wi 
quite  small,  because  the  coils  are  wound  the  one  over  the  ( 
In  well  designed  traasformers  the  falling  off  la  secondary  to 
should  not  vary  more  than  from  1%  to  3%.  depending  on  the 
put. 

On  the  regulation  depends  the  character  of  the  service 
may  be  reodered;  for  it  determines  the  variation  of  voltaj 
which  the  lights  will  be  subjected,  and  Inasmuch  as  the 
given  by  a  lamp,  and  its  commercial  lite,  vary  very  rapidly 
the  voltage,  the  importance  of  line  regulation  in  givi  g  good 
minatica  service,  and  Insuring  durability  oF  lamps  is  quite  obi 

The  "edlcleacy"  of  a  transformer  Is  the  ratio  of  the  power 
put  to  the  power  input.  There  are  always  losses  in  a  transto 
due  to  three  eaiisrs,  hystercfls  los?,  eddy  current  I-  vd    ci 

loFSPS.  to  (hat  tlie  (rdtiity  of  a  tvansrormer  cannct  '  ^  WK- 
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The  enclenc]'  cannot  be  increased  berond  a  certain  a 
without  greatly  increasing  the  welgbt  and  cost,  and  a  tra 
mer  may  be  said  to  be  well  designed  when  It  gives  the  high 
day  efllclency  consistent  with  an  economical  distribution  o: 
and  copper. 


In  starting  to  design  a  transformer  the  following  quantlti 

Useful  secondary  output  In  watts. 

Frequency  ol  the  system  at    wblch    tbe    transformer  is 
operated. 
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required  number  of  circular  mm.  Tbe  s1e«  of  the  primary 
may  be  found  In  tbe  same  way. 

Now  the  diameter  of  tbe  core  Is  kaowa;  tbe  diameter  • 
primary  and  secondary  wires  plus  their  cotton  Insulation,  ai 
number  of  layers  in  each  are  also  known.  From  these  quai 
tbe  mean  diameter  of  each  coil,  and  therefore  the  total  leuj 
wire  in  each  leg  ma;  be  found. 

Space  must  be  allowed  for  good  Insulation  between  the  : 
dary  and  core,  between  tbe  primary  and  secondary,  and  be 
each  layer  of  both  the  primary  and  the  secondary,  and  shoj 
taken  Into  account  In  finding  the  mean  diameter  of  the  tui 
each  coil. 

The  difference  of  potential  between  two  layers  which  the 
latloD  has  to  withstand  can  easily  be  calculated.  It,  for  est 
the  primary  voltage  of  a  transformer  la  1.040  to  3.080,  the  di 
potential  between  the  terminals  on  one  leg  Is  always  1,040 
because  tbe  two  legs  are  placed  In  series  on  a  2,080  Tolt  line 
the  number  of  layers  on  one  leg  be  8,  then  the  drop  ot  poi 
along  one  layer  will  be  130  volts.  Thus  the  difference  o(  pol 
between  the  beginning  of  one  layer  and  the  end  of  the  nei 
be  260  volts.  The  Insulation  must  be  able  to  withstand  a 
greater  voltage  in  case  of  an  emergency.  A  factor  of  sati 
about  Dve  Is  generally  allowed. 

All  tbe  requirements  necessary  for  the  production  of  a  i 
former  have  been  found,  and  It  remains  to  describe  bow  the 
tical  construction  Is  carried  out. 

Tbe  core  Is  built  up  of  thin  rectangular  iron  strips,  whic 
Interleaved  at  the  comers  so  as  to  practically  do  away  with 
In  the  magnetic  circuit. 

The  discs  are  cut  into  the  required  shape  and  size  In  a  p 
ing  machine,  and  then  passed  between  a  pair  of  steel  rollers 
move  the  burr  formed  by  punching.  Wooden  pegs  pass  tb 
the  "piling  boles"  shown  In  Plate  1.  Fig.  1,  to  keep  the  dl 
place,  and  the  bevelled  corner  is  to  facilitate  the  assembling 
legs. 

The  discs  are  Japanned  for  insuiatloo.  this  also  being  do 
machinery.  Plate  3  shows  the  machine  In  plsn  and  elevator, 
discs  are  passed  between  two  pairs  of  rollers.  A,  the  lower  t 
which  rotate  in  alr-drying  japan  at  such  a  depth  that  tbe 
is  caused  to  pass  over  all  four.  Tbe  distance  of  the  upper  r 
from  the  lower  ones  can  be  regulated  so  as  to  allow  the  req 
amount  of  Japan  to  remain  on  the  discs.  They  then  pass  on 
carrier  which  conveys  them  between  blasts  of  hot  air,  and 
arrive  at  the  other  end  ready  for  piling. 

In  designing  the  transformer  the  "volume"  of  Iron  was  I 
hut  as  laminated  cores  are    used    In   the    construction,    table 
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126  cKles  than  with  60,  otber  thinee  being  equal,  tbe  loss  Is  dl 
nished  by  putting  less  iron  In  the  lormer  lor  a  given  capacltj 
transtormer. 

U  w[]l  be  seen  from  the  Ubies  that  a  given  slsed  disc  does 
both  60  and  125  c;cle  tranafonnera;  the  difference  being  that  1 
used  in  a  transformer  of  larger  capacity  lor  125  cyclea,  tiiao  1 
Tor  60  cycles.  For  example,  tbe  disc  used  in  the  core  of  a  4 
watt  60  cycle  transformer  is  also  used  In  the  core  of  a  6,000  v 
125  cycle  transformer. 

The  discs  are  piled  two  or  three  to  a  layer  on  iron  rods,  wl 
pass  through  the  "piling  holes,"  alternate  layers  having  the  lor 
ends  in  opposite  directions. 

Of  those  protruding  to  tbe  right,  alternate  layers  haye 
bevelled  corners  on  opposite  sides,  ao  also  for  those  protnidin) 
the  left,  as  shown  on  Plate  1,  Fig.  2.  This  Is  continued  until  tbe 
quired  weight  has  been  aided,  when  the  core  Is  pressed  dowi 
the  given  height  in  a  vice,  and  tied  with  cambric  tape.  The  I 
rods  are  then  replaced  by  wooden  pegs,  which  keep  the  discs 
place. 

125  cycle  transformers  of  6  K.  W.  capacity  and  under,  ani 
cycle  transformers  of  7^  K.  W.  capacity  and  under,  have  rec 
gular  Ebap^d  cores.  Plate  1.  Fig.  3.  FOr  all  sizes  larger  t 
those  men'.iantil  above,  star  sbapsd  cores  are  used.    PUta  1.  Fi 

The  core  is  now  placed  in  a  lathe  and  wound.  The  end: 
tbe  core  flt  into  wooden  frames,  which  are  centered  on  the  li 
and  (urn  with  it.  The  ends  of  the  cores  fitting  into  tb«  wood 
left  unwound,  for  the  purpose  of  assembling,  and  are  of  a  lei 
equal  to  the  width  ol  an  aesembling  disc. 

The  lathe  ia  connected  to  the  main  shafting  by  a  loasa  I 
A  tension  pulley  is  so  connected  that  it  can  be  forced  against 
be^t  by  means  cf  a  foot  rest,  and  thus  tighten  the  belt,  so  a 
give  any  require!  speed.  The  reel  ot  wire  is  placed  on  an  asie 
t^Et  the  wire  will  unwind  easily  as  it  passes   into  the  core. 

The  wire  is  passed  between  two  wooJen  blocks,  which  servi 
a  tonsicn.  Tht  biocica  are  lined  with  leatherold,  so  aa  nol  to 
jure  tlie  insulation  of  the  wire,  and  are  attached  to  one  end  o 
board,  the  oth«r  end  of  which  Is  pivoted  to  the  bench,  in  orde 
allcw  the  bloclt  to  be  moved  back  and  forward  as  the  win 
being  wound  on  tlie  core.  An  automatic  counter  attached  to 
latbo  indicates  the  number  of  turns  that  have  been  wound. 
Plats  2,  Fig.  9. 

On  the  pressed  core  is  woand  one  layer  of  (.007")  cotton  t 
half  lap.  and  siiurated  with  a  compound  called  "ensheiiac";  pii 
of  1-32"  horn  fibre,  1"  square  being  placed  over  the  ends  of 
wojden  pins.    Then  sloug  each  corner  are  placed  three  thickne 
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Alter  tbe  eodB  ot  the  treated  cambric  under  the  primary  1 
been  turned  over  and  tied  down  upon  the  top  of  the  coil, 
wrapping  ot  (.010")  cotton  cloth  is  applied  and  saturated  ' 
enamelic.  Over  this  are  placed  two  shields,  each  consisting  of 
thlcicnesfleB  of  (.010")  paper  and  one  of  (.012")  treated  cim 
placed  on  opposite  sides  of  the  colls,  and  held  there  bjr  a  1 
ot  (.007")  cotton  tape,  halt  Up. 

A  ground  shield  Is  added,  If  called  for  by  the  speclflcati 
It  couslsts  of  a  metal  shield  placed  between  the  primary 
secondary,  and  Insulated  from  the  former  by  the  10,000  volt 
Bulatlon,  and  from  the  latter  by  the  2,&00  volt  Insulation.  ; 
connected  to  the  ground,  and  la  added  to  tbe  transformer  \ 
means  of  safety,  so  that  when  a  breakdown  occurs  in  the  In: 
tlon  between  the  primary  and  secondary,  the  former  is  groui 
and  tbe  latter  protected  Irom  the  high  voltage. 

The  primary  always  consists  of  one  coll  on  each  leg.  foi 
sizes  of  transformers.  The  coil  Is  sometimes  wound  in  two  p 
each  part  being  wound  from  the  end  to  the  middle  of  tbe  i 
and  the  beginning  of  one  part  soldered  to  the  end  of  the  othei 
fore  the  last  insulation  la  put  on.  The  primary  terminals 
always  brought  out  at  the  top  of  tbe  transformer. 

The  secondary  is  wound  in  different  waya.  For  small  ti 
formers  up  to  2.6  K.  W,,  tbe  secondary  consists  of  a  single 
on  each  leg.  Plate  1,  Fig.  6.  For  2.5  K.  W.  traneformers 
over,  tbe  secondary  consists  of  two  separate  windings  on  each 
In  sizes  ranging  from  2.B  to  5  K.  W.,  all  the  terminals  are  bro 
out  at  the  top.  Plate  1,  Fig.  7.  While  on  those  of  larger  capa 
the  winding  Is  begun  at  the  top,  and  the  ends  brougbt  out  at 
bottom.    Plate  1.  Fig.  8. 

The  legs  are  assembled  together  as  shown  In  Plate  2,  Fi 
by  a  certain  number  ot  layers  ot  Japanned  discs,  two  or  three 
being  used  to  a  layer,  as  specified  In  the  previous  table. 

The  discs  are  Insulated  Irom  the  colls  by  a  layer  ot 
Icatheroid,  and  an  insulation  built  up  ot  three  layers  of  vaml 
red  paper,  each  separated  from  the  other  by  a  layer  of  mica. 
mica  paper  insulation  is  also  placed  between   the  legs. 

After  receiving  a  good  coating  of  shellac,  the  transtor 
are  sent  to  the  ovens,  and  are  baked  for  three  days  (72  hour 
a  temperature  of  170°  C, 

Cast  Iron  clamps  are  now  flxed  on  the  ends  of  tbe  tran 
mers  to  hold  tbe  two  legs  and  the  assembling  discs  firmly  In  ii 
In  tbe  smaller  transformers  they  are  insulated  from  the 
magnetically,  by  means  of  wooden  strips  which  line  three  ol 
Inner  Bides  of  tbe  clamps,  and  by  wedges  of  the  same  mati 
which  are  forced  into  the  fourth  side  to  hold  the  clamps  fl 
in  position.    Plate  2,  Fig.  2.    For  the  larger  sizes  the  clamps 
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wound  are  placed  together  as  Bhown  In  Plate  1,  Fig.  11,  and  t 
for  htgh  nfotentlal  teaU,  which  are  as  follovs:— 

10,000  volta  between  primary  and  secondary,  10.000  volts 
tweeQ  primary  and  core,  and  2,600  Tolts  between  aecoadaxy 

In  all  high  potential  tests  the  voltage  Is  gradually  raiaei 
wUhln  30%  of  the  specified  voltage,  and  there  maintained  U 
period  ol  three  minutes.  It  la  then  gradually  raised  to  the  si 
&ed  voltage,  and  there  maintained  tor  a  period  not  exceeding 
seconds.  Wben  the  transformer  has  a  ground  shield  It  is  tried 
10,000  volts  lietween  primary  and  shield,  and  2,fiM  volts  bet« 
secondary  and  shield. 

The  high  potential  testing  tranatormer  Is  shown  in  Plat 
The  movable  coll  Is  the  primary,  and  Is  connected  to  the  1,040 
line.  The  testing  leads  are  connected  to  the  terminals  of  "A." 
transformed*  being  tested,  and  the  voltage  indicated  by  a  Tbo 
son's   Electro-static  voltmeter. 

^fter  the  legs  liave  been  assembled  together,  and  the  in 
formers  babed  In  the   ovens,    they    are    tried    for  ratio  test, 
transtoirmer  is  allowed  to  pass,  whose  ratio  la  out  more  thai 
of  1%. 

A  Standard  transformer  having  secondary  taps  of  52.  104, 
HE.  208  and  230  voUs,  has  its  primary  leads  connected  to  tbe  1 
volt  line,  In  parallel  with  those  ot  the  transformer  to  be  tes 
A  voltmeter  Is  connected  by  means  of  a  two  way  switch,  to 
secondaries  of  the  tranHformer.  and  to  tbe  corresponding  sec 
darles  of  the  standard,  as  shown  In  Plate  S,  Fig.  1.  The  droi 
potential  across  tbe  secondaries  should  be  tbe  same  In  both  in 
formers. 

Secondly,  Immediately  following  the  ratio  test,  the  transro 
ers  are  tried  for  "core  loss,"  "and  the  result  carefully  noted, 
the  cold  core  loss,  because  the  transformers  are  allowed  to  i 
before  these  tests  are  made.  The  tests  are  made  at,  as  nearly 
possible,  the  voltage  and  frequency  tor  which  they  were  bi 
The  tollowlDg  table  gives  the  maximum  allowable  core  loss  to 
few  transformers. 


Caiiacity  in 

Co.e  losi 

s  ill  watts. 

Kilo  wattB 

60  t'ycipB 

125  cyelei 

1, 

42-0 

42.0 

l.S 

50.0 

50.0 

2.5 

65.0 

5S.5 

3.0 

71.0 

65.0 

This  does  not  necessarily  mean  that  the  core  loss  of  the  i 
fferent  transformers  is  as  blgh  as  stated  in  the  above  table,  a 
matter  of  fact.  It  Is  very  seldom  that  high;     For  example,  in  \ 
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BimultaneouB  readings  on  tbe  tbree  meters.  Tbe  wattmeter  : 
cates  tbe  core  lose,  and  the  ammeter  the  excltins  currents. 

Third ly,  the  transformers  are  Lried  for  the  high  potential 
at  the  same  voltage,  Bpeclfied  for  the  legs  before  they  are 
sembled. 

After  the  transtormers  are  asaerobied  la  the  cases  comi: 
the  followlns  tests  are  made  In  the  order  given  below.    A  tr 


■t*TI 


former  having  fatlfil 
remedied,  has  to  be  > 
discardei). 

.4.— High  potential  testa  are  give 
and  they  must  withstand  the  same  t 
cilled. 


'  coNHicne* 


to  the  transformers  ag 
sts  as  those  previously 
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necesBary  voilage  of  tbe  primary  to  keep  the  Beconilarir  vol 
normal  at  full  load,  and  le  equal  to 


^  B'  +  C»  +  2  B  C  Cus  e 

A-B  represents  tbe  Increase  In  primary  TOlt&ge  necessar: 
prevent  a  drop  in  the  eecondary  on  full  load,  and  tbe  regula 


D.— All  traneformers  are  run  at  one-quarter  overload  for  a 
to  dry  tbem  out  The  next  day  tbey  are  run  at  lull  load,  tt 
under  50  kilowatts  tor  a  period  ol  six  bours,  and  those  o?er  BO 
W.  for  a  period  ot  eigbt  hours,  the  object  being  to  find  the  mi 
mum  rise  of  temperature  above  that  of  the  air.  They  are 
without  oil,  and  the  ttmperaiuie  ct  tbe  core,  tbe  colls,  and  of 
surrounding  air  is  noted. 

The  irise  of  temperature  as  recorded  by  the  thermomei 
sbould  not  be  over  40°  C  in  any  part  of  tbe  transformer. 


on  Core  1 

■  tbe  transli 
sre  are  two 
K.  W.  tran; 
primary,  ani 
each  Kt  a 
:ondarles  of 
eln;   conaec 


I  are  conne 
E  will  not! 
Thts  iB  al! 

opposite  pol 
one  trans  ft 

testing  deF 
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Two  7.5  K.  W.  traaaformers  have  their  primaries  connei 
In  parallel  to  the  2,080  volt  line.  The  secondaries  are  also  i 
nected  in  parallel,  and  placed  In  series  with  a  bank  of  lamps, 
whole  being  inserted  In  place  of  the  fuse,  as  shown  la  the  fig 

The  full  load  current  given  by  the  two  7.5  K.  W,  transfon 
'In  parallel  Is  equal  to  the  full  capacity  current  ot  a  15  K. 
transformer,  and  the  load  Is  regulated  by  the  number  ot  la 
placed  Id  the  cLrcult. 

The  15  K.  W.  transformers  supply  the  excitation  current, 
the  core  losses,  while  the  7.5  K,  W.  transformers  supply  the 
current  and  the  copper  losses. 

The  economy  ot  this  method  Is  quite  obvious,  as  all  the  tr 
formers  are  tested,  while  the  full  current  load  of  but  one  15  K 
transformer  is  used. 

In  this  case  the  two  7.E  K.  W.  transformers,  or  boosters  I 
been  run  at  full  load,  and  have  thus  been  given  the  required 
run  as  well  as  the  others. 

Any  transformer  may  be  used  as  a  booster,  so  long  as  its  r 
Blty  Is  great  enough  to  give  the  required  current,  but  if  the 
rent  it  supplies  as  a  booster  be  less  than  that  required  for 
load,  U  Is  not  allowed  to  ]>ass  until  it  Is  given  the  required  full 

E.^Im mediately  after  heat  run,  and  while  the  transfor 
are  still  hot,  the  primary  and  secondary  resistfince  must  be  e 
taken  carefully,  and  the  temperature  of  the  air  recorded. 

F. — Each  transformer  fs  then  excited  to  twice  Its  normal 
tage,  and  run  at  no  load  tor  a  period  of  ten  minutes.  This  is 
by  applying  the  required  double  voltage  to  the  sesonlariea 
EhowD  in  Plate  6.  Fig.  2,  the  primaries  being  on  open  circuit 

Q. — The  core  loss  Is  taken  once  more  to  ascertain  that 
not  greater  than  in  the  previous  tests.  The  hot  core  loss  si 
always  be  less  than  the  cold  core  loss. 

Finally  the  transformers  are  once  more  tried  for  the 
potential  tests,  at  the  same  voltages  as  pi'evlously  specified, 
the  results  ot  all  the  tests  made  out  on  suitable  forms. 

This  completes  the  tests  made  on  the  transformers,  and  it 
remains  to  see  that  they  are  mechanically  all  right,  that  is, 
far  as  the  terminal  board  leads,  fitting  of  cores  and  cover  are 
cerned,  before  they  are  handed  over  to  the  Stores  Departmei 
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REMENT  OF  WATER  BY  A  VEl 
IBWED  FROM  A  NEW  STANDPO 


By  R.  Steckel,  M.  Can.  Soc.  C.  E. 


I,   Introduction. 

h&a  perused  with  more  than  ordi 
ing  reflection,  the  valuable  paper  oi 
small  Venturl  meter,  contributed 
ntab.,  D.Sc.  Edln..  and  T.  P.  Strlt 
s  read  at  one  ot  the  regular  Apr 
Lest  some  members  of  the  So 
ply  a  stereotyped  way  ol  showing 
iclentiflc  experiments  these  gentlei 
ited  hydraulic  observatory  which  i 
Ity,  with  their  characteristic  gener 
ce  are  to  be  served,  placed  at  ttaeti 
lace  for  him  to  recall  here  the  I 
;bt  of  by  most  members,  that  some 
made  a  number  of  experiments  b 
cuBslon.  and  published  the  result 
ewhat  unique  title  of  "  An  Essay  < 

Tbe  pamphlet  was  presented  to  tt 
nt  to  several  other  Institutions  of 
led    In   French   and  English  in  o 

Minister  of  Public  Works  of  the 
ther  on  account  of  the  matters  tr 

Irflmedlate  Important  practical  i 
th  therein  was  then  in  sight),  or  i 
at  primitive  and  Imperfect  appara 

content  himself    with,    he    fallei 
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siiSclenl  coDlldence  the,  so  doubt,  small  number  oC  persoDs 
perused  the  ■'Essay"  with  interest  and  close  attention,  to  i 
Ihe.m  to  enquiring  more  df«ply  into  tlie  subjetl,  or  tsr  < 
reasons,  no  one  has  so  far  honoured  him  with  a  rea;i 
criticlEm  tor  or  against  (he  theory  advanced  or  the  ( 
rlmental  data  determined.  Now,  however,  that  an  important  i 
tical  application  o[  results  of  the  phenomenon  of  the  lateral  < 
munication  ol  motion  In  liquids,  hae  apparently  turned  up  in 
nectlon  with  the  Venturi  water  meter  devised  by  Mr.  Herscbel 
writer  is  hopeful  yet  of  having  his  views  on  the  subject  of  i: 
veins.  It  not  formally  conBrmed  or  condemned  by  the  scientlSc  i 
at  large,  at  least  intelligently  discussed  and  criticized  by  the  ei 
eerlng  profession. 

The  statement  is  made  by  Dr.  Coker  and  Mr.  Strickland : 
Mr.  Clemens  Herscbel,  M.  Am.  Soc.  C.  E.,  has  shown  in  the  pap< 
read  before  the  Society  just  named,  Dec.  2Ist,  ISST,  that  Id  Ve 
water  meters  applicable  to  mains  of  1  toot  and  9  teet  dlamet« 
spectively,  the  flow  Is  proportional  to  tiie  square  root  of  the  d 
ence  H  between  the  beads  which  obtain  in  the  two  sectloDS  o 
cone  forming  the  essential  part  of  the  meter,  and  that  this  rel 
holds  good  through  the  whole  range  ol  hia  experiments;  the  i 
tity  ot  water  delivered  being  equal  to  a  ^'2g~H,  wtere  g  denote 
acceleration  of  gravity  and  a  le  constant  denoting  the  product  c 
area  of  the  smallest  cross  section  ot  the  meter  by  a  factor  n 
equal  to  unity.  The  word  conf,  the  writer  takes  for  granted,  is 
by  the  gentlemen  who  conducted  the  experiments  at  McGill  Un 
sity,  above  referred  to,  for  brevity's  sake,  to  designate  the  * 
convergent-divergent  ajutage,  or  momentum  transformer,  t 
constitutes  the  Venturi  meter. 

As  the  writer  views  the  matter,  the  flow  is  shown  by  Mr.  1 
chel,  to  be  nearly  proportional  to  the  square  root  of  the  bead 
responding  to  the  difference  between  the  pressures  at  the  twc 
tions  of  the  ajutage  which  are  looked  upon  (wrongly 
believes)  as  constituting  the  essential  part  of  the  meter. 
for  effective  hydraulic  heads  falling  within  the  limits  ot  11  fee 
^  foot,  and  which  correspond  therefore  to  but  33  diameters  and 
a  diameter  of  the  throat  of  a  meter  applicable  to  a  1  foot  main 
within  the  limits  of,  say,  2  feet  and  .05  foot,  or  g  and  1-60  of  I 
meter  of  the  throat  of  a  meter  suitable  for  a  9  foot  main.  It  ci 
well  be  said  that  these  linlltB,  although  embracing  nearly  al 
experiments  undertaken  by  the  Inventor  of  the  Venturi  meter,  : 
as  the  writer  knows,  afford  a  very  extended  series  of  data  as  1 
relations  between  head  and  diameter  of  pipe  are  concerned.  1 
over,   the  maximum    up-stream    pressure    or    bead    of   watc 
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generated  by  water  running  In  a  straight  pipe  having  s  leng 
lesB  tha.D  15  mean  diameters  and  which  comprises  a  convergent 
and  a  gradually  enlarged  outlet,  can  only  Torm  a  comparatively  ! 
percentage  of  the  velocity  head,  perhaps  even  25  per  cent.;  but 
Inconceivable  that  It  could  ever  reach  TO  per  cent  or  more  of 
head,  as  was  the  case,  for  Instance,  In  groups  of  experiments  N 
5,  6  and  21  ot  Table  G  at  page  323  of  this  paper. 

The  methods  of  determining  the  beads  and  measuring  the 
charges  followed  by  Dr.  Colter  and  Mr.  Strlcldand  could  not  c 
be  improved  on,  and  the  results  obtained  aa  tabulated  by 
gentlemen  and  illustrated  by  diagrams,  the  writer  has  no  doubt 
inspire  every  engineer  with  conlldence  in  their  accuracy  and 
ability  In  every  particular,  more  especially  as  there  was  appar 
no  leakage  of  any  kind  In  the  measuring  tank.  It  might  be  obse 
however,  en  pataant,  that  while  the  dimensions  ot  this  tanli 
given  as  being  9  feet  by  6  feet  by  3  feet  6  Inches  of  which,  pre 
ably,  the  flret  represbnta  the  heifiht,  yet  it  Is  stated  that  one  g 
corresponds  to  O.QST  Inch  In  height  The  writer  finds  that  w 
tank  measuring  G  feet  by  3^4  It.  this  last  height  would  be  C 
Inch;  but  possibly  the  figures  6  feet  by  3V6  ft.  are  not  absol 
correct  or  else  the  conditions  under  which  the  measurements 
made,  were  such  that  a  greater  degree  of  accuracy  than,  siy,  w 
-    one  half  a  hundredth  of  an  Inch,  could  not  be  secured. 

That  the  colour  band  Introduced  by  the  McGiU  experliuenle 
a  glass  meter  of  reduced  size  should  remain  straight  In  the  i 
or  convergent  Inlet  pipe,  and  assume  a  wavy  condition  In  the  di' 
ent  receiver,  (he  writer  conceives  to  be  due  to  the  fact  that  li 
Inlet  the  vis  viva  of  the  vein  formed  therein  is  continually  Increi 
in  the  direction  of  the  flow,  while  In  the  divergent  receiver 
moving  mass  is  l>eing  continually  IncrBaeed  at  the  erpense  o 
living  force,  going  in  the  same  direction,  and  a  cone  with  stn 
sides  is  not  altogether  an  Ideal  receiver  in  which  the  transform) 
of  momentum  can  be  efTected  gradually,  viz,,  without  some  pi 
tions  and  eddies  being  induced  and  corresponding  losses  of  en 
experienced.  Probably  a  better  kind  of  transformer  or  convi 
ot  living  force  inlo  pressure  would  be  a  conoid  Blmltar  to  that 
by  "Giltard"  for  his  Injector  of  feed  water  Into  steam  boilers. 
The  word  throat  Is  used  herein  only  to  designate  the  contra 
junction  between  the  two  conical  frusta  of  the  meter  ;  it  seem 
the  writer  that  the  reference  by  the  McGiil  experimenters,  to  1 
the  wide  entrance  to  the  convergent  conical  Inlet  pipe  or  mi 
piece  and  (he  flared  outlet  of  the  divergent  receiver,  as  throat 
common  with  the  said  contracted  junction,  although  perh 
Blrictly  speaking,  correct  from  their  point  of  view,  is  not,  ui 
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efflux  takes  place  In  a  vacuum,  or  under  the  receiver  of  an  air  pi 
as  wben  the  liquid  flows  in  the  open  air,  bo  that,  as  this  eiperinii 
affirms,  Che  atmosphere  is  not  primarily  responsible  lor  the  Incre 
volume  of  liquid  discharged  through  such  tubes  in  a.  unit  oF  tiro 
comparison  to  the  quantity  afforded  by  a  simple  orifice  in  a 
plate  o(  the  same  diameter,  during  Che  same  time  and  under 
same  pressure^.  It  is  singular  that  the  value  0.953T  determined 
co-efficient  C  should  be  larger  (or  P  =20.95  ft.,  than  that  comf 
lor  P  =16.123  ft.,  viz.;  0.9494.  while  the  vacuum  induced  in 
throat  remained  constantly  at  the  maximum  of  —33  feet  t 
column  pressure.  The  increase  in  C  from  0.9494  for  P  ^  16.12 
to  0.953T  for  F  =  2U.95S  feet,  slight  as  it  la,  seems  to  be  an  Indl 
or  rather  a  veiled  indication  that  the  method  of  determining  the 
thecrttical  co-efflclent  o(  velocity  Is  faulty,  possibly  based  < 
wrong  principle,  or  that  co-efflcient  C  applies  to  a  velocity  r( 
Ing  from  a  combination  of  twoimotions  of  translation  due  to  di 
causes  varying  in  tonlrary  directions. 


II.    The  Conditions  of  Flow  in  Converge-nt-divebqent  Ajvt. 


According  to  the  views  ol  the  writer,  when  a  stream  o[  wa< 
flowing  through  a  Venturl  Meter  the  drop  observed  in  the  pre 
from  P  at  its  upper  end  to  P  in  its  throat, — Is  an  inevitable 
sequence — but  not  the  ftr^t  cause  of  the  motion  Induced  in 
throat.  In  the  same  way  as  the  difference  (P  — P  )  betweei 
pressures  P  and  P  on  the  up  and  down-stream  sides  respect 
of  an  orifice  in  a  thin  wall  of  a  reservoir.  Is  properly  held  to  b 
first  and  only  cause  of  the  Sow  of  water  through  the  said  oi 
The  Increased  velocity  which  obtains  In  the  throat  of  the  mete 
in  the  writer's  opinion,  primarily  the  result  of  the  transform 
or  transmutation  of  the  mass  and  velocity  factors  of  the  pr 
constituting  the  momentum  of  a  volume  of  discharge  in  a  i 
time,  not  exceeding  the  total  quantity  of  water  that  can  be  deli' 
in  the  same  time  by  the  cylindrical  pipe  when  unintercepted 

The  writer  submits, 
theoretical  velocity  v , 
CBD  of  a  composite  or  convergent-divergent  ajutage  such  as  the 
turi  meter,  must,  In  general,  be  a  continuous  function  of  (P  - 
such  as  that  above  quoted.  tIk.:  n  ^''2T~iP  "P,,''  "''twlthBUi 
the  fact  that  by  using  this  (onrula,  results  have  been  arrived  at 
responding,  apparently,  within  narrow  limits,  to  the  veloi 
which  actually  have  obtained    in   some    meters   experimented 
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Gtrevn  side  of  the  said  convergent  tube  into  a  reserrofr  (R 
whicli  tbe  water  is  continually  kept  In  a  state  of  overflow.  For, 
sncb  portioa  of  tbe  quaDtlt;  of  water  originally  carried  by  tbe 
dnit  wben  tree  of  interceptions  tbroagbout  its  wbole  lengtb,  can 
be  dlscbarged,  as  will  find  Ita  way  tbrougb  tbe  small  end  CBD*o 
Inlet  tnbe  vitb  a  velocity  sligbtly  in  excess  of  tbat  which  obti 
In  the  free  pipe  ;  tbe  balance  having  to  go  to  waste  or  to  swel 
quantity  stored  at  .the  source  ol  supply.  And  it  will  turthi 
noticed,  that  tbe  increase  in  tbe  velocity  of  the  liquid  in  the  : 
base  Ck,D  of  tbe  velocity  generator  Is  the  result  oC  the  conve 
of  a  portion  of  the  living  force  of  tbe  originally  free  Sowing  st 
into  hydraulic  pressure  or  bead.  Tbe  stream  at  its  passage  thi 
the  tip  end  CEID  of  the  convergent  conical  Inlet  of  s  "  Ventur 
tbe  ordinary  construction,  may  be  considered  to  come  out 
approximately  under  the  same  conditions  as  would  a  freely 
tiacied  vela  ABilCA,  which  Is  projected  aider  the  same  prei 
through  an  orlflce  AOB  in  a  thin  plate,  inserted  In  the  flat  wal 
of  a  re^trvolr  standing  on  tbe  up-slream  aide  ot  the  said  ei 
base.  viz..  at  a  distance  EO~  equal  to  about  one  diameter  CD  o 
base:  the  orlBce  bavlug  a  diameter  equal  to  about  1^  times 
of  tbe  same  base  CBD  or  throat  ot  the  meter.  But  since  the 
of  this  throat  la  only  from  1-9  to  I-IS  of  that  of  tbe  main  1 
meters  thus  far  constructed,  as  closely  as  the  writer  can  maki 
the  Quantity  of  water  now  dl-chargeil  in  a  given  time  is  not  sli 
greater  than  from  1-9  to  1-18  ot  the  quantity  carried  In  the 
time  by  tbe  pipe  previous  to  tbe  introduction  ot  tbe  velocity 
rator:  alisirsction  being  made  ot  temporarily  decreased  resist 
through  the  same  syslem  ot  conduits. 

Let  us  now  complete  the  Venturi  meter  by  adding  wlthii 
main,  to  the  upper  conical  frustum  or  convergent  velocity  gen« 
WCpZW.  at  Us  small  base  CED,  the  divergent  receiver  and  pre 
accumulator  CFGDC,  The  original  stream  ot  uniform  cross  B( 
and  velocity  flowing  through  the  tree  pipe,  which  was  at  first  i 
daily  conttacied  in  order  that  a  vein  might  be  formed  within. 1 
would  flow  approximately  under  the  same  conditions  as  the  ns 
vena  cnntracta,  is  now,  on  the  contrary,  artificially  expanded  Ii 
divergent  receiver  within  the  limits  of  the  lateral  communicatl 
liquid  motion,  fluid  pressure  is  stemmed  in  the  receiving  rest 
R  or  down-stream  section  ot  the  water  main,  and  an  increaaet 
charge  Is  produced  through  tbe  complete  meter,  simultane 
with  an  ultimate  lowering  o(  the  pressure  from  P^  to  P^  an 
which  dlsiharge  now  approximates  more  closely  tbe  quantl 
water  that  can   pass  in  the  unintercepted  pipe.     Notwltbatan 
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r  denot«s  the  r&dlus  OA  of  the  oriBce  AOB  and 

«, .a  apace  equal  to  the  penetration  OP  at  tbe  complete  veti 
the  reserToir  R  ,  or  the  distance  OP  from  the  plane  of  the 
AOB  to  the  plane  XJPV.ln  this  reservoir,  where  all  bodily  fo 
motion  of  liquid  theoretically  ceases,  diylded  by  .44,  viz.:   a 

OP 

equal    to     —rz      Thl3     auxiliary    space    varies    roughly,    ai 

experimental  determinations,  between  \  r  and  i  r  according  to 

X  and  11  represent  respectively  rectangular  co-ordinates  0. 
referred  to  the  centre  O  of  the  oriflce  as  origin;  a  diameter 
lue  orifice  prolonged  at  both  ends  being  takeo  for  the  axis  of 
the  perpendicular  POEX  to  the  plane  of  the  orifice  AB  p 
through  the  center  0,  tor  the  axis  ot  X. 

The  constant  numerical  factors  0.66  and  0.44  are  bere  used 
slonaliy  in  place  of  variable  co-efficients  of  efflux  /  l^  \  and 
ot  acceleration  (,  ;  in  order  to  better  fix  the  ideas  of  the  rear 
the  subject.  It  must  be  remembered,  however,  that  these  nun 
factors  vary  materially;  both  increasing  a  little  slmultaneousl] 
the  diameter  of  the  orifice  and  diminishing  as  the  pressure  incr 
For  a  vein  projected  Into  air  through  a  small  orifice  under  e 
great  head,  the  factor  0.44  may  become  0.30,  while  the  facto 
may  drop  to  0.55  under  similar  conditions.  Judging  from  a  11 
number  of  determlnatloaa  of  corresponding  co-efflcients  of  co: 
tfon  and  co-efflcients  of  velocity  oF  efflux  of. circular  freely 
tracted  veins. 

As  already  intimated,  the  contraction  of  the  liquid  vein 
Jected  freely  from  a  reservoir  through  an  orifice  In  a  thin 
the  writer  conceives  to  be  caused  by  the  combination  or  interff 
of  very  rapid  ethereal  orbital  movements  or  oscillations  of 
culea — possibly  of  augmented  amplitudes  in  comparison  to 
or  similar  movements  obtaining  In  the  body  ot  the  reservoir, 
are  proper  to  the  liquid  at  rest — with  the  uniform  bodily  n 
that  would  otherwise  be  Imparted  to  the  liquid  matter  In  a 
tlon  perpendicular  to  the  face  ot  the  orifice  plate,  it  the  veil 
alistracted  from  gravity,  by  the  constant  hydrostatic  pressu 
the  permanently  balanced  molecular  forces  acting  in  rear  o 
orifice.  In  establishing  the  direction  ot  the  flow  this  pressur 
writer  surmises,  defiects  the  revolving  or  oscillating  liquid  pal 
from  their  hydrostatic  positions  so  as  to  render  the  planes  of 
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area  of  the  cross  section  of  this  vein  must  continue  to  dlminL 
the  down-stream  aide  ot  the  orlflce  In  the  Inverse  ratio  of  tt 
crease  of  the  velocity  of  translation,  until  the  Initial  propon 
velocity  of  vein  formation  of  ^  "1^44  becomes  ultimately  equal  ti 
— ((i)the  cross  section  of  tt),e  vela  must  continue  to  Increa: 
the  up-Htresm  side  of  the  orifice  In  the  Inverse  ratio  of  the  dec 
of  the  velocity  of  translation  until  the  initial  proportional  ve 
of  vein  formation  denoted  by  ^  0.4*  becomes  reduced  to  ^ 
matter  what  may  be  the  particular  law  according  to  wblch  th( 
has  to  grow  or  develop  Itself,  as  determined  by  Its  size  an 
absolute  celerity  of  Its  formation  in  space;  that  la  to  say,  nbi 
may  be  the  precise  nature  ot  the  continuous  function  which 
nects  at  any  point  of  the  trajectory,  the  diameter  ot  the  vein 
Its  longitudinal  development,  and  the'  diameter  of  the  orlS 
which  it  originates. 

If  we  denote  by  ^  the  intensity  of  the  etliereal  force  by  whii 
sum  total  or  the  whole  mass  ot  the  molecules  In  a  cross  sectii 
a  liquid  slice,  of  a  small  circular  rein  formed  under  a  moi 
head  Is  drawn  forward  and  displaced  bodily,  during  a  peri 
stream  ethereal  molecular  ezcurslona,  then  will  0.44|'  represet 
intensity  of  the  ethereal  force  urging  on  the  same  liquid  slice 
direction  ot  the  flow,  during  the  corresponding  period  of  up-s 

excursions  of  molecules,  and — ^ —  =  0.44   will    correctly   repi 

the  ratio  of  the  rate  ot  bodily  acceleration  of  the  vein  durin 
period  of  an  ethereal  up-stream  excursion  of  molecules,  to  th 
□(  acceleration  In  the  corresponding  period  of  down-stream  < 
sirens  of  molecules.  In  order,  therefore,  that  the  outward  or  to 
motion  imparted  by  a  constant  hydrostatic  pressure  in  the  res< 
to  the  liquid  matter  might  remain  uniform  over  any  portio 
of  its  trajectory,  and  the  vein  might  assume  a  uniform  cross  si 
frem  0  to  B,  the  molecular  oscillations  or  orbital  movements 
have  to- cease  attogetlier,  if  this  was  possible,  with  matter  c 
tuted  as  we  ccncflive  it  to  be. 

Again,  as  already  stated,  the  origin  of  the  formation  of  a 
contracted  vein,  such  asABDCA  (Plate  14),  is  evidently  In  the 
of  the  orifice  AOB  through  which  It  is  projected  by  the  hydn 
pressure — and  the  ccmplete  fundamental  freely  generated 
comprises  two  conoidal  frusta  which  are  formed  Himulta^( 
on  both  sides  ot  the  said  plane.  On  the  outside  of  the  reserve 
the  vein  grows  in  the  direction  OX  ot  the  flow  and  on  the 
in  the  opposite  direction  OP. 
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dlalurbing  ambient  liquid  under  pressure  between  the  planes 
and  UV.  Tbe  extent  of  the  penelratlon  uF=  0.448  of  the  vein 
the  reservoir  R  may,  therefore,  ratlonall)'  be  considered  to  ri 
Bent  tbe  space  In  which  the  unltormiy  retarding  fo 
t  applied  lo  Ihe  mass  of  the  elementary  circular  liquid 
AOB  moving  outward  with  the  velocity  of  the  positive 
formation,  due  to  the  accelerating  force  .44^ — which  obtains  ii 
orlflce  aUB,  brings  tbe  said  slice  to  rest  as  regards  bodily  tra 
tion  towards  0  and  X  by  reason  of  tha  gradual  espansion  o 
vein  section;  s  representing  the  apace  which  the  mass  of  the 
mentary  circular  liquid  slice  AOB  spread  over  a  transverse  se 
tJPV  of  comparatively  inflnlte  extent,  must  describe 
this  plane  tJPV  of  absolute  rest  as  regards  bodily  tra 
tion  of  liquid  particles— while  being  solicited  by  the  uaif( 
accelerating  ethereal  ftjrce  .44/— in  order_that  the'veloeit 
positive  ^in -propagation  In  the  direction  OX  which  Is  propi 
and  does  actually  obtain  in  the  plane  of  the  orlflce  AOB  me 
generated. 

Hence,  considering  that  In  all  unlfonnly  accelerated  and  all 
formly  retarded  motions,  the  velocity  generated  or  tbe  velocity 
come,  as  the  case  may  be,  varies  in  general  as  the  ^'~~of  the  spac« 
cribed  from,  or  as  the  J  of  the  space  to  be  described  up  to  a 
of  rest,  the  foregoing  train  of  reasoning  leads  to  the  conciu 
that  at  any  point  of  the  vein  trajectory,  such  as  Q  within 
without  the  reservoir  R  ,  the  total  proportional  velocity  of 
formation  generated  from  a  state  of  rest  in  either  the  Inside 
LGN  or  the  outside  slice  CED.  in  virtue  of  the  subjection  of  tbe 
of  the  liquid  slice  AOB  to  the  force  0.44/  may  truly  be  represent 
V.44  («  +  x)  and  the  corresponding  total  proportional  veloci 
vein  proragation  generated  in  either  the  slice  LQN  within,  o 
Bllee  CED  outside  the  reservoir,  in  virtue  of  the  subjection  o 
mass  of  the  liquid  slice  AO?  to  the  force  /  can  also  be  pro 
denoted  by    ^'44  s  +  x. 

Now,  as  aireidy  stated,  it  is  clear  that  in  a  circular,  theoreti 
perfect,  freely  contracted  liquid  vein,  the  actual  velocity  of  Its 
mation  must,  In  general,  vary  directly  as  the  ratio  of  the  total 
portlonal  velocity  represented  by  ^'  .44  «  +  x  which  is  due  ti 
subjection  of  the  mass  of  the  elementary  slice  of  liquid  In 
orifice  AOB  to  the  ethereal  force  /  from  a  state  of  rest,  to  the 
proportional  velocity  represented  by  ,,'.44  (s  +  «)  which  Is  d 
tbe  subjection  of  the  same  mass  to  the  ethereal  force    -44  f. 
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Fsld  asrmpiotic  plane  UV  that  the  Haw  becomes  permanent  and  t 
vein  can  be  coneidered  to  be  complete  within  the  reservoir. 

B7  taking  the  reciprocal  ot  equation  (A  ),  multtplytng  It  bred.  ^ 
and  replacing  f'-^og  ^7  Ita  value:  0.66  y.'~2gh,  we  arri»e  at: 

[>.«•+  44«J 

that  Is  to  say,  at  equation  (A)  quoted  above,  page  253. 

The  writer  must  here  confess  that  the  description  ot  the  pi 
cess  ot  the  formation  or  growth  ot  a  tree);  contracted  clrcu' 
liquid  vein,  from  its  origin  at  the  orlDce  In  the  wall  ot  a  reserve 
under  tbe  government  o(  an  ethereal  force  acting  with  nearly  cf. 
Btant  alternating  intensities,  and  a  hydrostatic  pressure  taaving  I 
particular  duty  to  perform  of  establishing  inflnitealmal  periods 
alternate  unbalanced  up-atream  and  down-stream  ftxcursions 
liquid  particles,  besides  that  of  regulating  the  celerity  of  tbe  Si 
in  a  direction  perpendicular  to  tbe  plana  of  tbe  orifice,  wbich 
has  just  endeavoured  to  give  as  concisely  and  logically  aa  be  cou 
sounds  at  times,  even  to  himself,  when  reading  over  cursorily  c 
tain  parts  ot  'this  physico-mathematkal  literary  ettori,  much  1 
an  attempt  at  a  stretch  ot  the  imagination,  for  tbe  purpose 
giving  mankind  an  insight  into  the  system  of  locomotion  In  vof 
on  one  ot  our  sister  planets  of  tbe  solar  system,  or  with  so 
equally  visionary  object  In  view. 

There  exists  furthermore,  no  doubt  in  the  writer's  mind  tl 
most  members  ot  the  Society  are  cognisant  of  the  tact  prominetti 
brought  out  in  the  worl(s  of  Citizen  Z.  B.  Venturl  and  reterred  td 
other  authorities  on  hydraulics  and  bydrodynamlcs:  that  the  mat] 
matlcal  determination  of  the  generating  curve  Ot  the  well-liDO' 
conoid  affected  by  the  freely  contracted  litiuld  vein  projected  fr< 
a  reservoir  under  a  constant  pressure  through  a  circular  orifice  ii 
thin  plate,  is  a  problem  which  has  baffled  aome  of  the  greab 
geometers  of  the  past  two  centuriee  or  more.  For  this  reason,  it  1 
no  other— the  writer  bas  some  mlagivlngs  that  notwithstanding  I 
demonstration  herein  above  given  by  him,  many  readers  ot  tl 
paper  will  still  be  disinclined  to  be  firmly  convinced,  that  a  tr 
solution  of  this  very  complex  physico-matbematlcal  question  of  si 
long  standing  bas  actually  been  found  by  him  about  a  quarter 
century  ago — and  will  consequently  be  little  disposed  to  devote  to\ 
ot  their  valuable  time  to  tbe  concentration  Ot  their  powers  ot  pei 
tration  on  the  subject  under  discussion,  with  a  view  of  satisfyi 
themselves  ot  the  soundneas  ot  tbe  theory  herein  imperfectly  01 
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king  a  hand  In  Its  further  dev 

:  feels,  therefore,  tbat  he  ma;  bt 
},  he  considera  tt  1b  advisable  to 
!  on  the  above  points  before  pn 
-atn,  by  placing  belore  them  f 
reduction  of  a  lithographic  fac 
record  taken  about  1S69, 
icted  vein  of  water,  project' 
t  14  Inches  through  an  orifice  < 
i  centre  of  a  brass  plate  I-IO  I 
meter,  with  Its  Inner  face  cow 
Ice  to  very  nearly  the  shape  o( 
le  up-stream  side  of  orifice  A 
Iready  appeared,  full  size,  In  the 
luld  vein"  ;  but  this  time  he  a< 
rve  of  the  hyperbolic  conoid  assi 
by  equation  (A);  Indicating  it  1 
irdlnates  measured  from  an  axle 
one-tenth  of  an  Inch  away  froi 
:>  as  to  prevent  the  outline  ol  th« 
1  being  partly  obliterated  by  the 
cldes  almost  perfectly. 
-  value  of  the  co-efflclent  i,,  viz. 
>r  0.44,  r  taken  at  4.45TS  Inches 
ital  equation  (A)  became  In  thli 

-  4  4578 ''''°'*°9^°'S*'9' 4-457^ 
Vr5o96(o"^  54  [  9^  4  ■  457») 
I  curve  constructed  with  the  on 
latlon  (A),  evidently  follows  ver, 
Dughout,  with  the  outline  of  the 
a  cross  section  which  Is  about  S 
te  15),  where  the  vein  of  water 
.  of  continuing  to  contract  the  t 
expansion  in  the  natural  vein  m 
i  opposed  to  the  flow  of  the  liq 
evlatlon  of  the  orifice  from  a  1 

it  will  be  noticed,  the  write 
the  theoretical  orifice  was  0.33  I 
rass    plateib  the  enlarged   vein 

inch  In  the  natural  vein,  when 
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that  the  precise  poaltion  of  the  plane  of  this  orifice  is  iDvolved 
some  uncertainty.  This  is  ati  doubt  the  case  to  a  limited  eitei 
but  Inasmuch  as  the  ver;  short  Picce  Aa  of  the  freely  contrac 
liquid  vein  within  the  reservoir  and  which  could  therefore  not 
photographed,  had  so  very  nearly  the  same  shape  as  the  cavity 
the  brass  plate  that  it  could  be  considered  to  be  co-lncldent  with 
the  outline  of  the  visible  part  of  the  vein  could  not  have  b 
appreciably  affected  by  this  shifting  bactt  of  the  plane  of  the  th 
retical  orifice  Into  the  reservoir.  This  course  was  moreover  fi 
Justified^  In  view  of  the  well-known  fact  that,  according  to  act 
measurements  of  veins  made  by  various  hydrauiicians,  the 
efficient  of  contraction  of  auch  a  vein  as  that  under  conslderatloi 
about  0.80,  or  perhaps  between  0.79  and  O.SO  ;  but  on  account  of 
free  flow  through  a  simple  oriflce  pierced  In  a  thin  fiat  side  ol 
reservoir  being  interfered  with  by  water  extraneous  to  the  conol 
frustum  which  Is  assumed  by  the  theoretically  perfect  vein  wit 
the  reservoir,  to  a  greater  degree  than  in  the  conoidal  cavity  (orn 
in  the  brass  plate,  the  vein  contraction  taking  place  in  the'  fon 
case  must  also  necessarily  be  slightly  greater  than  !■  the  latter. 

The  writer  has  also  preserved  the  original  photographic  reci 
from  which  the  lithograph  was  made.  This  enlarged  photogri 
has  DOW  become  nearly  white  from  old  age,  being  one  of  seve 
enlarged  photographic  records  of  Uauld  veins  made  about  thir 
Ave  years  ago  at  the  request  of  the  lats  regretted  T.  Trudeau,  E: 
who  was  at  the  time  Deputy  Minister  of  Public  Works, — by 
writer's  old  friend,  Mr.  S.  McLaughlin,  the  former  very  able  e 
painstaking  photographer  of  the  said  Department,  who  Is  now 
resident  of  RIverdale.  California.  In  making  these  enlargeme: 
Mr.  McLaughlin  used  a  revolving  aolar  camera  specially  devi! 
and  operated  by  him  with  a  view  of  securing  a  clear  and  sharp  o 
line  ol  the  veins.  A  singular  feature  of  the  enlarged  vein  uni 
consideration  Is,  that  Its  longitudinal  aits  la  a  full  degree  and 
half  od  the  perpendicular  to  the  face  o!  the  brass  plate  and  bei 
to  the  plane  ol  the  circular  orifice,  pointing  upwards  In  the  dov 
stream  direction;  this  Is,  presumably  an  effect  of  the  perspect 
of  the  Held  taken  In  by  the  camera  when  the  diminutive  neg&t 
of  the  liquid  vein  used  for  Its  enlargement  was  made. 

In  equation  (A)  the  factor  0.66  ,,'  ^gh  of  the  second  member,  i 
presents  the  velocity  with  which  the  liquid  Is  ejected  from  the  resi 
voir  at  the  oriflce  In  a  thin  plate  under  the  pressure  exerted  by 
water  column  of  the  height  h,  on  the  supposition  that  the  liquid 
composed  of  Infinitely  small  balls,  the  same  as  extremely  fine  sh' 
rolling  very  swiftly  over  each  other,  or,  father,  having  « 
rapid  gyratory  or  oscillatory  motions. 
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Hupplylng  power— that  Is  to  say:  a  tube  with  sides  taaTin 
requlslto  degree  of_  convergence  and  curvature  to  afford 
tinuoualy,  and  without  Inducing  superfluous  back  water,  th 
quantity  needed  Co  render  possible  the  whole  transFormatl 
vein-momentum  that  the  divergent  receiver  la  capable  of  ellt 
In  Mr.  Herachel'B  Venturl  meter  It  Is  a  conical  divergent  tnt 
Bides  ot  which  are  Inclined  to  each  other  at  an  angle  of  6°,  eac 
forming  an  angle  of  2%°  with  the  longitudinal  axis,  that  Is  ui 
the  down-stream  Eide  of  the  throat  section  CED,  while  the  sl 
the  convergent  delivery  tube  or  velocity  generator  which  is 
at  the  up-stream  side  of  the  throat  section  t^&U,  are  inclined 
angle  of  21°  to  each  other.  The  divergent  tube  ts  precise 
*  same  as  that  u^ed  by  Mr,  J.  B.  Fianci?,  the  noted  Am 
hrdraullc  tnglnetr.  In  his  Lowe'.l  Exierlments,  es  regan 
luclinatiGn  cf  the  Eltes  to  each  ether;  hut  Its  length  ha! 
limlteii  to  23. G  diameters  of  the  small  base;  it  being  taki 
granted,  presumably,  that  any  addition  In  excels  o 
said  length  would  have  no  further  beneficial  influence  o 
stream  as  regards  transformation  ot  momentum.  The  li 
of  the  divergent  and  convergent  tubes  of  the  small  meter  us 
MeBBra.  Coker  and  Strickland  are  not  stated  by  them.  Judging 
the  longitudinal  section  given  In  their  paper  (Ptg.  1),  tbe 
formed  by  the  Bides  of  the  divergent  receiver  of  their  meter  a] 
to  have  been  more  than  5  degrees  and  the  length  of  this  r« 
proportionately  greater  than  In  Mr.  Herschel's  large  meters;  b 
sides  ot  the  convergent  Inlet  Cube  are  probably  inclined  only 
21  degrees  to  each  other,  the  same  bb  In  Mr.  Herschel's  mete 
though  a  greater  degree  of  convergence    Is    indicated    in    the 

Pig.  !.• 

In  all  such  divergent  tubes,  the  momentum  generated  in  the 
contracted  vein  projected  through  a  simple  orifice  In  a  thin 
under  the  government  of  the  molecular  forces  f  and  .Hf.  be 
transrormed  by  the  pressure  exerted  on  the  down-stream  end 
vein  by  a  liquid,  or  by  a  gas  which  is  stemmed  by  it,  with  the  i 
BDce  of  the  lateral  capillary  attraction  of  the  tubular  envelope, 
action,  called  lateral  communication  of  motion,  converta  a  p 
the  proportional  molecular  velociCy  of  translation  generated  l 
force  f  into  mass,  while  tbe  proportional  molecular  velocity  o 
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of  trlengUs.  zooes  of  parabolas,  zones  of  hyperbolas,  or  m 
any  other  kinds  of  curves  about  tbeir  respective  axes  of  fig 

In  such  case,  considering  that  according  to  the  theory  at  tl 
servatioD  of  energy,  no  part  of  the  momentum  gener»ted  by 
of  the  effective  pressure  (P  —  P  )  exerted  by  the  liquid  in  rea: 
orifice  AOB  can  go  to  loss,  while  the  liquid  particles  impellf 
pass  from  the  plane  of  relative  immobility  or  absolute  rest 
H,  through  a  convergent-divergent  ajutage  such  as  ABDGF( 
total  proporticaal  velocity  of  molecular  vein  propagation,  ■ 
generated  in  the  mass  of  the  slice  AOB,  during  the  periods 
stream  eicursions  of  the  liquid  molecules  between  UV  and  i 
bear  to  the  total  proportional  velocity  of  molecular  vein  tor 
generated  In  the  same  mass  during  the  corresponding  pe: 
down-Btream    eicuralons  of  the   liquid   molecules  very  nea 

N'.44i+.4+jr.+t>--l''js'.44j  +  .i  +  j'-(^'.44(j-j-+_,4')_  ^'.44(1  + 

Bo  that  if  ^^^J*^  denotes  the  velocity  of  efflux  In  the  simple 
OAB,  to  which  the  conoidal  inlet  ABDCA  correspoii' 
and         iT'i  CED        the   velocity   of   efflux   In  the   tip   end 


CEli.  of  ihe  Paid  convergent  inlet;  by  making  use 
compleie  ajutage  ABDGFCA,  or  G,  Instead  o[  only  the  1 
inlet,  ABDCA.  the  velocity  la  the  plane  of  the  said  oriSce, 
increased  very  closely  from 


:M- 


V.44t+  .44J 


tor  the  conoidal  convergent  Inlet  ABDCA  when  used  by  it 
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We  have  moreover  under  such  clrcumstancee: 


Wherefore  we  can  put: 


I.    wi«o     J 


But,  agali^  as  according  to  the  principle  of  the  conservation  o: 

uo  momentum  can  be  lost,  the  sum  of  the  eucceaeive  elei 
artificial  Increases  In  the  velocity-factor  of  the  veln-momen 
cumulated  at  the  section  CED  by  lateral  communication,  dui 
paseage  of  the  vein  through  the  divergent  receiver  from  I 
FGH,  muat  therefore  be  counterbalanced  by  the  sum  of  tt 
ceaslve  elementary  Increases  In  the  mass-factor  of  the  veln-i 
tum  accumulated  at  FHG,  That  Is  to  say:  the  proportional  e 
ary  quantity  of  liquid  moved  bodily  outward  by  virtue  of 
hslanced  pressure  in  reservoir  R  acting  during  an  Increi 
time,  through  the  Inlet  ABDCA,  and  which  may  be  represe 
CE'  or  IIE"'  must  bear  to  the  proportional  elementary  qua 
liquid  moved  by  the  same  pressure,  during  aa  Increment  i 
through  the  ajutage  ABDGFCA,  which  may  be  denoted  by  F 
Inverse  ratio  which  the  velocity  of  translation  generated 
cross  section  CED  of  the  complete  ajutage  ABDGFCA,  bear; 
velocity  geneiated  in  the  Eame  crcES  section  CED  of  tl 
ABDCA,  viz.,  we  muet  have: 


W\  ■  \M 
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eiplalned,  the  ratio  which  the  absolute  uumber  of  fluid 
considered  as  Incompressible  molecules,  that  pass  In  the  un 
through  tbe  orlBce  In  the  thin  plate  AOB,  as  well  as  thi 
section  at  maximum  contraction  DEC  of  the  Inlet  ABDCA, 
the  number  of  such  molecules  that  must  Sow  under  the  Bi 
sure  conditions  and  during  tbe  same  time,  through  tbe  corn 
cross  sections  AOB  and  DEC  of  the  compound  pipe  ABCG 
obtain,  when  the  outer  portion  CJIDC  o(  the  freely  c 
auxiliary  vein  projected  through  the  orifice  AOB,  Is  rei 
the  divergent  vein  CFY>DC  having  the  same  length, 
formula  (H^  >  tor  the  velocity  in  the  throat  DEJC  of  an  ajui 
OB  ABDGFCA  of  type  G  expressed  In  terms  ot  ft,  (  ,  f*.  m, 
«',  vli.: 


1- 

\\' i^+x+x'  +  \' i^s+x+z')\  (s  +  x) 

t\ 

(v,-.(.  +  .)+V,-^  +  .       {^^^„^y))      j 

where  A  stands  for  the  total  effective  head  of  water  on  th 
AOB,  or  difference  (P  -P  )  between  the  pressures  P  and  P 
obtain  respectively  in  the  reservoir  R  .  at  the  up-stream 
ajutage,  ABDGFCA.  and  at  the  down-stream  end  FG  of  i 
ajutage,  and  o  'or  the  acceteratlvn  of  gravity. 

From  the  above  equations  we  deduce  also.  In   general, 
radius  R^  =r'  +  mx',  of  the  divergent  receiver,  CI>GFC"o( 

expressed  In  terms  of  i_,  j,  i,  »,  x  and  x",  and  the  ordinate 
relation: 


m 


i  +  r'  +  \i,U+i+x')r{,  +  i) 


As  already  explained,  the  above  nine  equations  from    I 
(l    )  hold  good  for  all  divergent  tubes  of  the  same  length,  i 
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'  same  end  bases  CBD  ai 
le  vein- moment  urn  Is  trail 
cone  as  in  a  frustum  of  a 
a  frustum  of  a  spheroid, 
le  revolution  of  the  zone  i 
re,  besides  those  wlilcb  cc 
entloned. 

Is  conceivable  that  many  d 
nvex  aides  and  others  with 
Uy  the  same  momentum  trj 
ralght  Bides,  provided  tbe  ' 
motion  are  not  oversteppi 
tpect  that  the  molecular  ei 
rmatlon  of  veln-momentu 
t  of  the  stream  from  CED 
Q  precisely  the  same,  no  : 
ibutar  envelope  used  tor  t 

within  the  limits  of  the 

every  point,  nor    that    i 

iuch  as  WCDZW  and  dlv 

[  and  the  same  end  bases  C 

prove    equally    efflcient 

transformers  under  all  poE 
lay  be  tbe  conformation  of 

g  Investigations  and  compu 
Q  by  the  writer,  chiefly  w 
geometrical  relations  of  t 
es,  the  rates  of  Increase  oi 
ponding  to  the  periods  of 
e  freely  contracted  vein,  ai 
co-eSlcients,  for  some  of 
divergent  receivers,  as  re 
nation  of  vein-momentum 
Qg  conoid  a  1  convergent  in  I 

ninations  of  numerical  val 


MB?     etc.,  obtaining  under 

le  In  this  connection,  are 
same  fundamental  proportii 
ituri  meter  used  by  Dr.  Co 
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nearljr  u  the  writer  baa  been  abl«  to  arrive  at  them  from  tbe 
and  diagrama  given  In  tbelr  paper. 

The  proportions.  dimensloaB,  etc.,  of  the  eeaentlal  parts 
meter  and  other  necesBarr  data  based  on  the  same,  whlc! 
been  adopted  [or  the  present  purpose  may  be  stated  as  folic 

Tbroat  diameter,  CD  =  3r'  =  0.38  lDch  =  D.03166  toot. 

Approximate  length  OB  of  contracted  vein  Inlet  ACDB 
responding  and  equivalent,  as  regards  velocltf  generating  po 
convergent  mouth  piece  or  Inlet  WZDCW  of  McOill  Venturl 
t&ken  equal  to  CD  =  I  =  0.03166  foot 

Approximate  d:B;ance  i  »  from  plane  of  orifice,  AOB,  to  p 
rest,  ■UFv  =  i,  (0.15  lnch  =  0.01Z5  It.) 

Length  of  d:versent  receiver,  DH=I'=  (27  x  0,38  =  10.26 
=  0.866  ft)' 

Throat  radius,  ^=1^  =  0.19  lnci  =  0.1583  It  and 
O.0O025O589  eq.  ft 

Tangent  of  angle  of  incUnaUon  (3°--29')  of  sides  of  di^ 
cone  to  longitudinal  a^ls  of  meter,  m'^  0.060726. 

Radius  of  large  base.  FB  =  r'  +  m'/'-(i.626  ins.  =  o.8i3  in.  =  0.067 

(r+m-e)'  =  0.004390062.,  .^.^--   —  =  O.OS459 

POl:-(i+/)  =  (o.55in  =  o.o44i7ft).  POEH'=(»  +  /+/')  =  (io.79m.=:o.t 
OER=(/+;')  =  (io.64  in.  =0.8867  ft-).  <,=o-4o.  on  an  average. 

On  account  of  the  convergent  inlet,  W2BDCAW,  of  the 
used  In  tbe  experlmenW  made  at  the  McGlll  hydraulic  obser 
differing  sensibly  from  tbe  conoid  which  Is  equivalent,  as  i 
delivery  of  liquid,  to  a  freely  contracted  vein  inlet  of  th( 
minimum  diameter,  CED,  tbe  exact  distance,  '6b  =  1,  betwe 
small  base  CED  of  the  former  Inlet  and  the  orifice  AOB,  In 
plate,  through  which  a  natural  free  vein  could  be  projected 
a  pressure  such  as  IP  -P, ),  that  would  be  nearly  In  the  aam 
ditiOD,  as  regards  tbe  molecular  propagation  of  motion  when  [ 
CD.  as  the  stream  projected  from  the  said  conical  convergent 
and  the  precise  length  of  0.44«  =  i?P  in  equations  (A)  to  (l^ 
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TABLE    A. 


3 

4 

Rnd.  R'^=  Thros 
)rdiiiaiey^      ^j" 

t  velocity  coefficient 

^A 

ag-e  ABDGFCA. 

■eceiver 

type  A. 

s'i^ 
ere 

CDGFC 

leloo 

con 

.yp6    A,  al 
lisiance   x'\ 

3Sk 

whi 

ram  throat  1 

Upei      J 

du 

DEC,   viz., 

" 

ihro 

-adiiis    of] 
arge    base,         ^ 

s>[-S"»l 

by 
frus 

>f  corres- 

|_  ABDCA  J 

KHidiofT  tipl 

C 

■nd  frustum 

propo 

tional  throat  veloc- 

Ij-pe 

ity  -^^ 
fruslu 

for   each    tip   end 
11    of  divergent  re- 
CDGKCoftypeA. 

ICC 

.... 

10  e 

o  015830 

1.0000 

s. 

OJ1458 

'-3813 

5- 

0 

035380 

1.6859 

5' 

033+3*     ' 

'■9055 

5 

0 

04 '73° 

*..038 

5- 

0 

oSi"40 

2.1403 

5- 

062569     1 

'■3S4» 

5- 

0.067750 

^.3873 

5- 

0.0696S3 

^■3983 

5- 

erating  curve  o(  the  Inner  surface  of  th( 
A  Is  Bhown  by  a  full  line,  marked  A,  a. 
)  rates  of  Increase  i  of  the  force  i' 
portional    velocities  v     wblch   obtain   ! 


velocity  co-efficients       U>^^    I  ^^^^  1 


ding  to  tbe  distances  x'  uaed  as  absclsRi 
>y  a  rlgbt  line  parallel  to  the  axis  of  X  □ 
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having  a  iengCti  ls+x+  t'),  Is  ualfomTly  augmented  so  as 
equal  to  ^'Tj^+'z  +  x^  gx"  at  the  distance  r'  from  the  e 
CBD,  nhile  the  total  proportional  velocity  represented  l>7  •, 
which  Is  generated  during  the  periods  of  down-stream  ezci 
molecules  Is  correspondlDgly  diminished,  viz.,  to:  \  /T+x4 

Under  such  conditions,  equatloo  (B    )  becomes  for  a  r 
type  B: 


A^orc 


and  equation  (£,)  becomes  : 


i,{i+'+=^')  +  9^' 


Replacing  the  variable  quantities  t.  x*  and  in,  by  I.  V  and  m' 
tlvely,  we  deduce  from  these  equations: 


'{(wsw)(m)-i  <■ 


By  following  a  similar  train  of  reasoning  to  that  which 
equations   (G^j)  and   (I^)  (see  page3271-272),  In  the  case  of  the  s 
with  receiver  of  type  G,  we  obtain  in  general: 

(d)     For  the  throat  velocity  co-efflclent  with  a  receiver,  C 
of  type  B,  applied  to  a  convergent,  conoida)  Inlet,  ABDCAT 

equivalent  Inlet  WZDCW  : 
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TABLi;  p. 


Reference  Argrumeni  Radius  R' 
numbrrrs  for  i'  Distance  „  ,  _  , 
cross  >ec-,hroatCEDr-^B-(' 
lions  andl,o  cross|+  '"^i  '^ 
correspoiid-|^ction,«nd!'^'"°ss  sec 
ing  tip  endiengih  ori''""  °f  " 
frusta  or.„rrespond-«'^e>-  B  a 
diverffcntling  ,ip  enjldistance  a 
receive^__  Ifrustum  cull'""''"  t^roal 

CDGKCoff  diver-'atCED, 
of  type  B>tent_tube'radiu9 
wherein?  is  CDGFC  of|'«>«'ofi 
uniformivlijpe  B.  [responding 


equal     to 
0.97J8. 

;«' 

end  fnis- 

'n 

or,  proportional  throat  ve-  le 
ocity  V     for  each,  lip  end  ai- 

..„.o« 

„„    1    »„ 

fnislum  of  divergent  lube  JL 
CDGFC  of  type  B.             "^ 

o  al  CED 

0 

0.5830 
016563 

.;o66i         ■ 

017225 

3 

O.OiO   ooo 

4 

i 

7 

8  at  FHG 

0.500  000 

Oil  140 
OJ5160 
035360 
049960 
067750 

1.4050 

2.0424 

2.248. 
1.J868 

9 

0.900  000 
r.092  160 

" 

077140 

2.4251 
I.5054 
»-S7S5 

hroal  velocity  coeFHciem 

ajutage  ABDGFCA, 

type  B. 


J.WSfc\ 


The  generating  curve  o(  the  receiver,  CDGFC,  o(  type  B, 
geometrical  loci  of  the  proportlODai  intensltlM  y  of  the 
force  corrEspondlng  to  i,f.  which  obtain  during  tlte  period 
stream  excursions  of  molecules,  and  of  the  throat  velocity 


'   Inilfcated   1 


Plate 


,   In   the  aame 


for  the  receiver  of  tjpe  A. 

By  comparing  the  results  entered  in  columns  2  and  3  of 
with  those  entered  In  the  correspondlDK  columns  of  Table^E 
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Putting  x'  =  V  and  m'  =  »»'^  » 
obtain: 


In  equation  (K. 


,  whence  we  deduce: 


an  equation  In  whlcb  all  the  Sfmbola  represent  hnown  quantit 
B;  rollowing  a  train  of  reasoning  similar  to  that  which  lei 
series  of  equationa  (I    )  we  obtain  equations  ; 

r'  U'  +  fi) 


and  putting  c  =1  In  equation  (I    ),  reducing;  etc.,  we  arrlv 

('■ 

and  at : 


whence  we  deduce  the  value  ot  the  acceleration  factor  /   ,  wb 
determined  approximately  In  terms  ot  i    ,  a,  I',  p,  x  and  x"  t 
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TABLE  C. 


• 

' 

3 

4                      1 

Reference 

Argument 
x:     Length 
of  each  iif 
end  frustum 
cut  off  from 

boloidal  di- 

CDGFC 
of  type  C. 

ir-  +   m.c') 
Radius  of 

grent    ret-ei- 

CDGFC 

a[  dislinc; 

IhroalCED 

Throat  velocilv  coefficien 

/.P 

ing  tip  end 
frusta  of  the 

CDGFC  of 

ol  ajutage  ABDGFCA, 
type  C. 

thee 

fore 

r".7 

lype     C 
wherein  the 
arbilrarj 

and   p    are 

uniformly 
e,ua,    to     . 

0-049J73 
respective!) 

or   proportional    Ihroal 
velocity    j.„    for    eaoh 
lip  end  fruslum   of  re- 
ceiver CDGFC  oflypeC 

throa 
by  ea 
erdf 
of    1 

z'    c 

verg 
ofly 

..c„™ 

»EET 

oalCKD 

ooooooo 

1.0000 

, 

1.1837 

0.300  000 

019364 

0^367. 

1.5619 

0.600  000 

Oij.Ss 

1.73*06 

033280 

3 

2.1568 

4 

S 

0.800  000 

046590 

2.2075 

0.830  000 

2.30.8 

087838 

0.89s  000 

".'55461 

7-0854 

',      ^i 

'3 

0-904  373 

c^zt 

With  the  aid  of  equattona  (F  )  and  (G  >  (seepage  27 

computed   the   values  of  the  acceleration   factor   j^  a 
In  the  CBBes  of  f      and  i    ,  and  also  the  throat  velocl 
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The  geometrical  loci  of  the  tbroat  velocity  co-efflclents  j     (Jot 

and  of  the  factors  /    are  shown  on  Plate  15,  the  same  aa  fi 
other  receivers. 


60.    Tbe  writer  determined  the  generating  curve  of  the  inne 
tace  of  a  recelrer  called  B,  wherein  the  total  proportional  t( 


represented  br  ^'1,(1  +  t  +  i^y,  whlcli  corresponds  to  the  peril 
up-stream  excursions  of  molecules  tn  a  treebr  contracted 
ABDIJA,  could  be  uniformty  augmented  along  the  tn^octoiT 
Ing   from    E    to    H .  Bo    as    to    become    at    every    point    equ 


\'i,  (1  +  3;  +  i';,  and  wherein  the  total  proportional  velocity 
rated  during  the  periods  of  the  down-stream  excursions  0 
molecules  slmulteneously  diminished  to: 


\x  +  x+x^  -  ('•,^V^J+I+y)  -  N'l^f+i+r'))} 


11      being  a  number  greater  than  1,  depending  on  the  degi 
divergence  ot  the  sides  of  the  receiver 

Equation  (B    )  becomee  in  this  instance  changed  to  : 


and  the  aeries  of  equations  (E    )  is  changed  to  : 


1"  _ ^  _         ■•"  ^_!y_+  ^+-■'■1- V'.<J+'  +  -r')-'»is'i,(J4/H 


X  being  replaced  by  I,  wherefore  we  have  Id  general,  the  same 
equations  ( G  .},  (G  ),  (G  )  the  relations  : 
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For  the  McGlll  meter  equation  (J'^  )  gives  «'g  =  2^S67,  th( 
as  Tor  the  other  receivers  with  Bides  having  a  total  divergence 
to  2r'ni7',  or  ("fG— CD). 

According  to  equation  (B^)  the  velocity  ot  traaslation  ti 
section  AOBot  ajutage  ABDNGPMUA  wiib  receiver  CDNGF 
E.  and  hence  also  the  velocity  In  its  throat  CBD,  becomes  evl 
a  maximum  when  the  denominator  of  the  traction  In  the 
member  ot  the  said  equation  is  equal  to  Q,  in  which  case  we 


But  wben  j  +  x"  U  very  long  In  comparison  to  s,  as  us 
all  convergent -divergent  ajutages  such  as  the  Veoturi  meti 
can  put  very  nearly: 


In  his  tiowell  experiments,  J.  B.  Francis,  the  noted  Am 
hydraulic  engineer,  obta'ned  tor  efflux  under  water  with  an  ell 
bead  of  I.IS  ft.  through  a  conical  divergent  tube  0.102 
d'ameter  at  the  tip  end,  31)  small  diameters  and  I414  mean  dlai 
long  and  having  straight  siiies  Inclined  5°  1'  to  each  other,  a 
mum  thro-it  velocity  co-e(llcient  of  2.43,  when  the  tube  wat 
merged  1.57  feet. 

With  the  aid  of  equallcns  (P^)  IG  g)  (l^j  and  (J,),  w 
the  characteristic  ordinates  j/'  ^=  R'  ^  r'  +  m'  x'  of  the  gei 
Ing  curve  of  the  receiver,  CDGPC  of  type  E,  vli,.  i5DNGt-M 
i  r'  together  with  the  proportional  acceleratioa 
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momeDtum  of  the  freely  contracted  vein  ABDCA  Is,  howeve 
dentl)'  Impracticable :  for  at  Its  exit  from  the  coDvergeat  ii 
DEC,  the  atreani,  while  flowlDg  in  the  direction,  EH,  would  bi 
ly  have  to  expand  or  be  artlflcally  enlarged  ao  as  to  occupy  a  i 
having  a  radius  of  0.126100  ft.,  and  heace  cover  In  an  luQnltely 
apace  of  time,  an  area  63.7937  times  as  great  as  that  of  cross  bi 
DEC. 

Yet  It  cannot  be  galnsaped  that  each  one  of  the  imaginary 
gent  receivers  CnNHC,  CD.l.l'C;  CD.i:?!^  CESTFCCDITC,  C 

CDM'C CDGFC,  the  butt  end  bases  of  which  are  croi 

tlons  of  the  conoldal  receiver  E — can  theoretically  produce  by 
formation  of  vein-momentum,  a  velocity  of  translation  In  its 
section  CBD  which  Is  equal  to  (n'^  =  2.3867  n  Zg  {P—P  }— 
is  evident  no  loss  of  momentum  or  of  energy  can  occur  at  an; 
during  the  progress  of  the  vein  formed  in  tube  E  by  virtue 
pressure  (P  — P  ),  from  B  to  H. 

The  writer's  explanation  of  the  meaning  of  this  i 
matlcal  virtual  transformation  of  vein-momentum  by 
communication  of  motion  in  receiver  E  with  conv 
sides,  Is  as  follows:  When  the  receiver  E  Is  us« 
Itself  In  connection  with  reservoirs  H  and  R  ,  not 
has  the  continuous  liquid  vein  formed  in  it  from  E  to  H  by  vli 
the  pressure  'P,~P,).  to  acquire,  the  same  as  all  freely  cont 
circular  liquid  veins,  at  its  exit  from  reservoir  R  at  the  bu 
MEN — successively  the  momentums  which  can  produce  In  t 

ends  tm,   .TTT  ^irT  .TbT  n^  22^;  W and  FG7  veli 

varying  between  the  limits  of  ^2i,s  (P"~PJ  and  ^'ifP?- 
but  at  the  same  time  there  must  gradually  be  stored  up  In  tt 
celver,  liquid  under  pressure  all  along  from  E  to  H,  In  such  a 
ner  as  to  afford  the  additional  energy  required  for  producing 
whole  of  the  enveloped  Imaginary  divergent  tubes  of  the  above 
taken  separately — an  Increase  in  the  theoretical  velocity  d 
(P  — P  )  obtaining  In  the  tip  end  of  the  Inlet  ABDCA  or^ 
to  'each^  one  of  these  tubes,— In  the  ratio  of  1  to  2,3S67  That 
say;  while  the  said  vein  Is  flowing  from  E  to  H  In  virtue  i 
pressure  P^^P  ,  there  must  be  continuously  accumulated  a 
extra  energy  Inlhe  shape  of  Iquid  under  pressure,  which  Is  rei 
for  increasing  2.3867  times  it  own  veloc  ty  of  translation  throui 
clear  tube  E  generated  by  f  e  said  pressure  (P  — P  ).  So  that 
an  enlarged  divergent  receiver  having  the  same  proportions 
hence  the  same  momentum  transforming  efficiency  (or  very  i 
so)  as  receiver  CIX5FC — viz.,  a  divergent  tube  capable  of  Incn 
2.3S67  times  the  velocity  at  its  small  base  PHU — Is  added  at  t 
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E  Is  brought  Into  requisition  and  drawn  upon  until  entire 
hausted,  as  already  stated. 

It  la  thus  readilr  seen,  that  a  uniform  transformation  t 
momentum  similar  to  that  which  la  called  for  In  the  larg 
vergent  enveloping  tube  E  or  MNGFM,  may  be  effected  v 
having  to  resort  to  an  abrupt  eipanaion  of  the  stream  at  li 
from  the  conoldal  inlet  at  DEC,  as  required  In  receiver  E,  by 
a  conoldal  convergent  tube  mnDCm  or  E  similar  to  E,  havln 
for  Its  small  base  Instead  of  FGH,  and  for  generating  curve  tl 
termlned  by  equation  (I  );  »    being  taken  equal  to  2.3867  as 

and  r",  a  and  I  b3lng  replaced  by  j;  i  ^  and  ^  respectively, 

^^FUH^  provided  always  an  artificial  draught  In  the  directii 

cTcn 
be  created  at  the  lower  eij  o!  the  rejuced  en/e.o.ilas  tu' 
corresponding  to  the  multiple  total  proportional  ve 
"i^'.is  +  I  +  j' ),  which  1e  Induced  In  the  said  convergeo 
during  the  perlode  of  np-atream  excursions  of  molecules, 
draught  such  as  that  which  results  from  the  addition  of  a  dlv 
receiver,  CDGFC,  to  tube  E    at  Its  small  base,  CED. 

If  besides  substituting  ^  for  i',  y  fo~  *  ^ud  ],  for  I  In  eqi 
(I  ).  we  replace  j*  by  1'  ,  the  total  leng.h  Ee  of  tube  E 
responding  to  EH  =^  I'  In  tube  E,  we  obtain  tor  the  Inlet  tu 

the  relation: 


V.-.:-+;+''.+(.-)\''.(^t^. 

whence,  dividing  bolb  membsrs  of  this  equation  by  >'.  W5  ol 


'Idlng  bo;b  members  ol  this  eqi 
and  solving  this  equation  In  reference  to  1'  .  we  obtain: 
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ot  the  above  fraction  becomes  equal  to  0,  which  happens  t 

Ten  cbaracterlatic  ordinatea  u'  or  radii  R'  .  correspon 
ten  abscissaa  a"  of  various  lengths  have  been  computed 
writer;   the  results  arrived  at  are  entered  Id  the  subjoined 
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The  outline  of  the  longitudinal  section   of   the   envelopin. 
m'nDCm  marlced  E      on  Plate  16,  Is  the  locus  ol  the  eitremi 
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/Blue  Qt  a  and  £.5652  Its  maximum  theoretical  .value  above 
Isbed  isee  page  2ii),  thai  tbe  convergent  velocity 
-ator,  mnCDm.  has  very  nearly  tbe  proper  degree  o 
cergence  or  shape,  to  supply  by  an  unbroken  stream 
inserted  directly  In  the  Oat  vertical  end  or  aide  i 
reservoir  R  ,  all  tbe  water  that  can  flow  continuously  throi 
BOBduit,  mnDOFCm,  under  an  effective  pressure,  (P  — P  ), 
ponding  to  tbe  mean  value  of  0.40  adopted  (or  i^,  vli..  while  t 
pressure  P  on  the  up-stream  side.  Is  Qoally  lowered  to  P 
aown  stream  end  of  this  pipe,  after  having  descended    as 

I  p   _  (p   _  p  1  /. "^] \    I    in  the  throat,  or  section  o 

i    '  '  \^'w{l',-P.)/  J 

mum  construction,  DEC;  leaving  here  the  atmospheric  pres; 
of  consideration,  as  also  the  loss  of  velocity  and  momentum 
arlly  caused  by  forced  mutual  interferences  of  the  liquid  i; 
with  their  rapid  gyratory  or  oscillatory  movements  and  by 
creased  friction  developed  In  such  tubes  as  E  ,  as  compared  t 
gent  and  cylindrical  tubes. 

It  Is.  therefore,  probable  that  In  order  tbat  the  greatest  e 
may  be  secured  In  the  velocity  generator^  It  should  bi 
somewhat  wider  at  tbe  entrance  mn,  or  with  sides  having  a 
convergence  than  those  of  the  Inlet  mnCDm,  viz..  so  as  to  r 
capable  of  supplying  alt  the  water  needed  to  satisfy  the  drai 
duced  by  a  divergent  receiver  tbat  would  be  capable  of  lncr°a 
throat  velocity  to,  say.  3  or  4  times  the  theoretical  Teloclt] 
the  difference  of  pressure  (P  — P  )  Instead  of  only  2.3867  t 

The  reBlatance  due  to  trictioB  could,  no  doubt,  also  be  din 
In  Bome  measure  by  replacing  the  convergent  elongated  i 
nozzle-shaped  Inlet,  mnCDml  or  B  by  an  inlet  or  mouth  plecf 
the  same  bases  men  and  CED  as  B  ,  and  hence  the  same  to 
vergence  of  the  sides,  but  wherein  fluid  motion  would  be  pre 
In  the  direction  eUX  according  to  laws  differing  from  thos 
govern  tbe  flow  through  E  . 


IV.      Tvi-li  AI,    CciNVEROEST    INLETS. 

Thus  tar,  both  tubes,  B  and  E_,  have  been  viewed  In  the 
conoidal  convergent  envelopes  of  series  of  divergent  tubes  : 

CDirC,  CD22'C,  'CD44'C .CDGFC.  In  the  case   of    rec( 

or  cd,182,l)t2'c,  cd.l42,.l42^,  cd.092.092'c.  ...cdCUc,  In  the  case 
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E.J.  or  lunDCm,  may  be  viewed  ae  being  the  result  o(  tbe 
lion  ot  Ihe  liquid  Into  Ms  tube,  through  a  Eultable  con' 
conoldal  inlet  modelled  after  a  aubeldiary  freely  contracte' 
Fqranr,  generated  In  a  simple  orlQce.  ro'q,  In  a  thin  plate  at 
tftnce  eo'  above  tbe  entrance,  men,  corresponding  In  a  man 
the  diatanca,  OB,  between  the  section  CBD  In  tbe  free  vein,  A 
and  the  orifice  AOB, — and  the  absolute  number  of  llquld-mi 
than  can  pass  under  a  given  pressure  In  the  unit  ot  time  t 
the  orifice  In  a  thin  plate,  ro'q,  may  be  considered  to  be  cot 
ly  diminished  as  the  stream  advances  In  tube  B^^,  so  a^ 
equal,  at  any  point  of  the  trajectory,  eB,  below  mn.  lo  the  q 
of  liquid  carried  by  a  similar  free  vein,  but  which  Is  e 
approximately,  in  the  ratio  ot  tbe  cross  section  of  the  con 
vein  generated  in  the  orifice,  ro'q.  to  the  cross  section  of  t1 
vergcnt  tube,  mnDCni,  at  the  said  point. 

As  already  observed  In  Chapter  II.  ot  this  paper  (see  pa; 
It  will  readily  be  seen  that,  while  in  a  divergent  receiver 
volving  or  osclllatine  liquid  particles  can  easily  be  deflee 
lateral  communicalion  of  motion,  so  that  the  resultants 
ethereal  forces  acting  In  the  direction  of  the  flow  which  are 
Inward  or  towards  the  axis  In  a  freely  contracted  liquid  vei 
be  turned  outwards  or  away  from  the  axis  of  the  vein,  and  a 
tormatinn  of  the  vein-momentum  with  Increased  discharge  a 
he  Induced,  In  the  case  of  an  incompressible  fluid  flowing  t 
a  convergent  tube,  the  said  particles  cannot  be  artlflclally  di 
from  their  normal  paths  so  that  the  resultants  of  the  mo 
forces  may  be  turned  inwards  and  tbe  molecules  pressed 
together  and  impelled  forward  with  greater  rapidity,  than  11 
naturally  pressed  together  or  impelled  In  the  freely  contracte 
without  the  assistance  ot  an  extraneous  force,  such  as  "that 
would  result'  from  a  chemical  or  a  physical  change  in  the  cc 
tion  of  the  fluid  taking  pl-ue  at  the  lime.  Therefore,  In  the  i 
of  such  a  fore?,  a  portion  of  the  moving  molecules  must  be  r 
towards  tbe  source  of  supply,  with  the  result  tliat 'a  corresp 
reduction  In  the  motion  of  translation  of  the  vein  takes  p 
the  convergent  tube  E|^  In  lieu  of  an  Increased  quantity  of 
Veing  drawn  through  the  tube,  as  In  the  case  of  the  trans 
lion  of  vein  momentum  which  is  effected  In  a  divergent  re. 
ihe  momentum  here  lost  or  abstracted  by  resolving  itself  aga 
molei'ular  motions,  or  pressure;  varying  slightly  la  quanti 
Iniensity  with  the  type  of  convergent  inlet  used,  viz..  la  thi 
manner  as  when  pressure  is  stemmel  In  a  contrary  direct 
the  butt  end  ot  a  (orrp=pondlng  divergent  tube. 


i;oo 
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rule,  In  all  ajutages  composed  of  conjugate  convergent  and 
gent  tubes,  except  In  ca^ea  wbere  tbe  sides  ot  ibe 
tube  converge  less,  on  tbe  whole,  than  tbose  of  the  conol<l  as 
by  the  treely  contracted  vein  projected  through  a  simple  orifice 
to  Its  entrance  mn,  in  the  length  eB  or  l\Qt  the  said  tube. 

By  Following  now  the  same  train  of  reasoning  as  that  whi 
up  to  equations  B^,  B  ,  B,— and  G  ,  G  ,  G  ,  G     In  tbe  cases 

typical  divergent  tubes.  A,  B,  C  and  B,  (See  Chap.  II.  and  I!I 
reach,  therefore,  the  conclusion  that  as  a  result  of  tbe  addli 


and  replacing  x'  ,  by  I'  ,  we   get: 


We  must  also  have: 


:VM^-.) 


'^ 

('';=-') 

mnDOreM 
.  Qrtllce  mn  . 

■■...^■■^^ 

^'i,=y'ki 

where  the  value  of  ii^-ipls,  according  to  equation  (Jg, )  (seepagi 
determined  by  the  following  formula;  I'  ,  being  substituted 
in  the  said  equation  ,  viz.:  ' 
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With  the  aid  o(  formula  (0'  >  and  placing  the  co-eB 
velocity  of  efflux  from  the  orlflce  In  a  thin  plate  correspo 
tbe  entrance  mn  uniformly  at  a  mean  value  of  0.64  in 
0.685362,  the  traction  deduced  from  purely  theoretical  w 
tlons,  the  writer  computed  the  velocity  co-efflcients.  etc.  ei 
Table  E,,,,  for  cross  sectone  (.191,  .191'),  fT89,  .1897.  Ui 
(.ISu.  .185'),  CiSZ'ur).  (.162,  .162'!.  (.U2,  .H2').  (.092.  .09 
corresponding  to  ten  frusta  of  the  convergent  Inlet  mnDCn: 
E    ,  which  are  numbered  0  to  9. 
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Again,  Bubstltutlag  *'.  (or  x",  y  '<"^ '  ^^^  ''<  'or  »■',  equatloi 

(See  page  272)  becoroea: 


'\l^^^:-Hi^^MM    ^' 


( '. 


Treating  now  Inlet  mnDCm  ol  type  A^  as  a  eonvE' 
tube  applied  directly  to  a  simple  orlflce  mo,  we  can,  by  reasonl] 
explained  In  tbe  case  of  equation  (Of,),  determine  very  nearl; 
velocity  co-elBclent  tor  the  entrance  mn  to  the  convergent  tut 
oC  length  I'    by  means  ot  function  <G^^},  viz.: 


( 


Finally,  replacing  j<,   by  t'    In  equation  (G^^.)  and  multli 
ItB  second  member  by.,,'    ~    ,,    .we  obtain  for  determining,  t 

•*  AC  =->^AC 

narrow  limits,  the  co-efflclent  of  velocity  in  any  cross  sectlt 
distance  x'c  from  the  entrance  mn  of  the  convergent 
tube  Ac  of  length  I'  ,  the  erpression: 
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The  value  of  JV    for  which  R'^^    becomes'  o 
llstaed  by  putting  the  denomfaator 


equal  to  zero,  whence  we  deduce  the  value  of  j',_,   in  '. 
I,  k  and  /^^  to  t>e  as  per  equation: 


ai;^±iut*i]\  ,  /■..+;! 


'-  'V         I.  +  ..  -/„>= 


.         ».[U  +  0  +  (•-»  +  't|  i ' 

(■  +  '. -/acI'    -   ■!'.  I 


2o.  The  writer  assumed  the  efflux-  through  the  sect 
viewed  aa  an  orifice  iu  a  thin  plate  In  the  aide  of  a  reserv 
modined  by  the  add-on  of  a  convergent  tube,  mnDCm,  tc 
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at  the  velocity  co-efflclent  la  any  cross  bc 
be  B^.  r  leet  long,  taken  at  the  distance 
nn,  we  have  the  expression  : 


(G^)  with   (0^„),  (page  304),  and   puU 


V-(4^— ■■) 


me  as  In  the  case  of  f^  In  the  divergent  i 
equation,  (F^^^),  [or  determlniag  wUbln 
'  I,  a,  I,  k,  ie^  and  g  the  relative  Intensltj 
I  corresponding  to  the  force  i  /  wblch  obi 
the  convergent  tube  ol  type  B^,  arter  tl 
latance  ;)•'     from  the  entrance  men,  vli.: 


■.(-r^-^)^>.-vi'-'-m 


he  symbols  In  equation  iPgO.  their  nu 
tabllshed.  we  And  that  q  U  equal  to-0.S4Se 
numerical  solutions  of  equations  (I  ),  (F 
haracterlstlc  values  of  the  tirguinent  **    an 
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vela  lormed  In  a  conoidal  cODvergent  inlet  C^  determined 
revolutioa  of  a  tone  mnDCm  of  a  kind  of  cubical  hyperboli 
an  asymptote.  EF,  coinciding  with  the  axis,  S^,  at  tbe  vein; 
Ing  that  when  referred  to  rectangular  axes  of  co-ordlnatea  i 
tbe  hyperbolic  curve  which  generates  by  revolving  around  t 
peB,  the  conoldal  frustum  conatltutlng  tbe  convergent  tube  i 
of  type  C   ,  IB  determined  by  the  equation: 


"''-•'c)'=^-        -- 


fi,  denoting  a  constant  distance  ek,  c",  a  constant  arbitrary 
lent,  r'c  the  radius  em  and  m'.  In  general,  the  tangent  of  tli 
ot  convergence  corresponding  to  abscissa,  ji'  ,  which  la    e( 


^       .     Putt'ns  m  equation  (K     )  : 


a  formula  in  which  all  the  letters  represent  known  quantit 
being  equal  to  0.192022  ft.,  r"^  to  0.029541  ft.,  and  m\  to 
Adopting,  as  In  the  case  of  divergent  receiver  "CDGFC  of  i 
unity  or  1  for  co-efflclent  c',  we  arrive  at  : 
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We  have,  moreover,  the  same  at  for  convergent  Inlet  tube  m 
ot  type  &Qf-  for  ascertaining  very  nearly  the  value  of  the  veloc 
efficient  In  entrance  mn  Ot  a  convergent  tube  C(.(.of  length  I'  , 
Uon: 


SJV'.f? 


V'-(4^"-0 


Giving  to  tbe  letters  In  the  above  formulas  their  proper  nun 
values,  and  performing  the  operations  Indicated,  j^^  la  found 
equal  to0.13921S  fora!'^=r  ,  and  the  radlt,  R^c.of  the  hyperba 
convergent  tube,  C^,  entered  In  the  subjoined  Table,  C^.are  a 
at,  together  with  the  correBpondlng  velocity  co-efflclents  based 
co-efflclent  of  0.S4  for  influx  througb  an  eatrance,  mn,  correapo 
to  a  simple  oriflce. 


3U 
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tlonB  ol  the  complete  conical  tube  mnUCm,  and  at  tbe  out 
the  elgbt  correspondlDK  butt  end-frusta  ol  Tarlona  lengths  ■ 
tbe  said  convergent  Inlet  mnDCm,  with  straight  sides.  Tblt 
which  13  also  designated  as  Inlet  D  .  has  a  radius  R',.^  = 
0.039541  ft.  at  the  entrance  mi,  a  radius,  r'  =  GE,  ol  0.01583(1 
tbe  outlet  CE^,  and  a  total  lenKttaE'  ^iB  of  0.192022  ft;  i 
taken  uniformly  at  0.40  and  the  co-efflclent  of  velocity  ol 
through  the  simple  orifice,  mn,  at  0,64,  as  heretofore. 
The  results  obtained  are  given  In 


TABL 

3 

:  Dc- 

4 

.1 



Rererence 

ATfument 

Radius 

Joe  propor- 

Coefficient 

Co 

numbers    for 

..%.      Dis- 

R'nc-r-Dc 

of     velocity 

of 

lionsaiid  cor- 

tance   of 
each     cross 

-(''.-"«-',) 

sity    of    the 
etherea 

Uon^rc^- 

af     £ 

Ihr 

responding 

section  of 

of  cross  sec- 

plete    coni- 

«ma 

butt  end  rrus- 
la  of  i-onica 

conical  tube 
mnDCm, 

tion  of  tube 
mnDCm, 

spending  to 
-y.  in  lach 
butt      end 

cal  tube 
mnDCm. 

CD 

end 

inlei  tube 

type    D^., 

type     Dc, 

type  Dc,    /- 

of  c 

mnDCm 

from  its  en- 

taken    n  t 

frustum     of 

feel    long, 

ent» 

of  type  Dj,. 

disunce    1, 

conical  tube 

aken   at   a 

m 

from     en- 

mnDCm 

distance  j',. 

t>-pe 

trance    mn, 

type  Dc,  ac- 

from    en- 

enjfl 

computed 
by    formula 

cording     to 
formula 

rance     mn, 
as  per  form- 

G'! 

■    IFaC> 

ula  i<i\c). 

plac 

SECT  KIN 

„.r 

„„ 

-I 

o.ooS  568 

0  030  153 

'   043  783 

0  262  500 

0.6 

0.029  541 

173  482 

+  1               + 

0.00S  000 

o.ojg  T84 

1.029  452 

2S0  214 

06 

0.028  827 

0.997  6^4 

287  198 

3 

0.025  000 

0.027  7s6 

0.904  047 

SOQTfig 

"  7 

4 

0,050  000 

0.025  97' 

0.743  781 

353836 

0.7 

5 

0.100  000 

o.oij  401 

0.49s  S** 

475608 

6 

0.1  so  000 

0.0.8  83, 

0.257  028 

673  029 

o.8< 

-(-7»iCED 

0.015  8,io 

-i.^9_i6^ 

^ 

953  397 

°  9 

316  •  Stechel  on  the  Vciiliiri  Meter 

efflux  atlorded  by  sucb  tubes  when  used  by  tbemaelves,  mis 
be  diminished  so  ea  to  be  materially  less  litan  the  the 
velocity  due  to  the  effective  head,  aad  tbe  throat  velocity 
ccmplEie  convergent-divergent  alutage  correspondingly  redi 

Od  the  other  hand,  owing  to  the  Imperfect  fluidity  ol  all 
liquids,  the  Incessant  cbecKlag  ot  the  free  flow  of  a  liquid  In 
gent  tubea.  combined  with  the  Increased  friction  deve1ape< 
their  aides,  must  induce  complex  mutual  Interferences 
rapidly  revolving  or  oscillating  liquid  particles  which  Imi 
bodily  translation  of  the  liquid  during  the  transformation 
momeoium — comparatively  more  than  in  cylindrical  or  d 
tubes,  besides  which,  on  account  of  the  mechanical  dlfflculti 
overcome  in  constructing  convergent  tubes  of  the  precise 
determined  by  computation,  interruptions  are  often  Itkel; 
caused  in  the  normal  flow  by  unavoidable  Imperfections  in 
tubes,  that  have  also  to  be  reckoned  with  in  establishing  tfa< 
cal  proportions  of  an  Inlet.  Therefore,  In  order  that  tbe  ful 
required  to  satisfy  the  draft  created  by  the  divergent 
CDGFC  may  be  assured  It  la  necessary  from  a  practical 
view,  that  this  tube  be  connected  with  the  reservoir  R 
conoldal  Inlet  capable  of  Increasing  the  throat  velocity 
n  or  2,3S67  times,  the  same  as  the  inlet  CDNMC,  but  which  U 
and  has  sides  converging  at  a  greater  angle  than  the  said 

That  Is  to  say:  tbe  Inlet  of  maximum  efBclency  for  use 
nectlon  with  the  receiver  CDGFC,  will  he  found  to  be  &  coi 
mouth  piece  such  CDn'm'C,  shown  on  Plate  IS  by  lines  of  e 
dots  and  daahes— poaslbly  one  even  still  shorter— whlcl 
aponds  to  a  divergent  receiver  CDG'K'C  of  the  same  theoret 
ciency  n  with  respect  to  the  transformation  of  vein-momei 
receiver  CDGFC,  but  of  diminished  length  EH'  as  compared 

By  making  EH',  the  length  of  the  receiver  CDG'F'C,  equ: 
foot,    equation    (Ig),    (See   page  287),   gives:    G'H'=_>"e,  ^ 

0.068190  fL  We  have  also  k'—  "^^  -  """^^^  - 
tlona  (  Le,  ),  (Me,)  and  (N^,)  (gee  p.  293-294)  give  under  t 
cumstances:  r=^e'  =  0.140197  ft.,  "in'e' —  0.029313  ft  ant 
0,027093  ft.,  where  j  "  denotes  the  distance  in  rear  of  m^ 
the  shortened  convergent  inlet  B',q  corresponding  to  B,^ 
Infinitely  wider. 

In  order  to  secure  the  best  results,  as  regards  transform 
vein-momentum  and  the  production  of  correspondingly  li 
throat  velocities  and  diminished  throat  pressures,  the  profll 
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should  be  nearly  equal  to  the  decrease  In  tbeoretlcal  heig 
the  diminution  In  velocity  ot  tranBlatlob  from  v  In  tbe  c 
to  VfQ  in  tbe  cross  section  'FQ  or  to  v„^  In  the  croaa  sa 
divided  by  tbe  ratio  i^  ot  the  total  bead  P'  to  the  portla 
head  which  Is  eSectlve  In  generating  motion  ot  tranalatl 
said  oriQce  or  entrance  mn,  as  will  be  more  tully  ezi 
Chapter  V.  (See  page  331)  vit.,  we  should  have: 


(p..-p,.).('"-")' 


Now,  considering  tbat  the  velocity  of  translation  c       ii 
flee  mn  la  equal  to  the  velocity  In  tbe  cross  section  WZ  mul 

tbe  Inverse  ratio     — ^   of  the  areae  of  the  correspondlnf 

cross  sections  of  tbe  same  stream,  and  for  the  same  rea» 

throat  velocity  v^d  multiplied  by  _£?L,  we  have  for  the  tl 

effective  or  velocity  producing  pressure  (P'  — P'  )  in  terr 
velocity  Vvi'z  '»  ^^^  '"''  cross  section^WZ  of  the  main,  the  ei 

-v.(g-)' 
(p'.-py =^ 


Again,  considering  that  In  one  and  tbe  same  permane 
Lream  the  velocity  r  In  any  cross  section  WZ  must  be 
le  velocity  i'^^   in  any  other  cross  section  CD  multiplied  1 

e  bave  also  for  the  said  theoretical  effective  pressure  {] 
I  terms  ot  the  throat  velocity  t'     ,  the  expression: 


''WZ'/Vmn'         / 
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While  it  appears  that  a  properly  shaped  conoldal  Inlet  i 
the  type  E  ^  above  defined,  or  more  likely  a  corresponding 
and  broader  Inlet  such  bb  W"m'CDn'Z" W"  ,  may  afford,  whe 
lodependently,  a  steady  outlet  velocity  equal  to,  aay  from 
0.98  ol  the  theoretical  velocity  due  to  the  head,  h,  correspon 
the  dlffereQce  between  the  entrance  and  outlet  pressures 
comparatively  large  range  of  pressures  of  heads,  provided  tl 
of  pipe  to  throat  section  Is  considerable,  when  such  a  cou' 
tube  Is  used  in  connection  with  a  divergent  receiver,  the  et 
of  the  combioation  cannot  be  quite  as  uniform  or  conatant. 

The  investigations  made  thus  far,  as  above  set  forth,  show 
that  the  factor  of  efficiency  of  a  given  combination  of  a  con 
inlet  with  a  divergent  receiver,  as  regards  the  drawing  of 
through  the  throat  or  contracted  passage  connecting  sucb  tub* 
a  rpservoir  or  section  ot  water  main  H  under  a  given  presaui 
another  section  R  ,  where  a  lower  pressure  P  obtains 
necessarily  vary  with  the  diameter  or  area  ot  the  throat,  CE 
the  quantity  of  water  passed  through  In  the  unit  of  time  or  i 
Terence  of  pressure  (P  —PJ  or  hydraulic  head  h^  brought  i 
quisitlon  lor  such  purpose. 


V.    Appi.iCATio.NB  OF  New  Theory  of  Flow  Through  Aju' 

We  may  assume  provisionally  that  the  convergent  veloclt; 
rator  or  inlet  of  the  McGill  meter  has  within  tolerably 
limits  the  same  supplying  power  as  the  frustum  of  cod 
generated  by  tbe  revolution  of  a  zone  of  the  curve  detertnt: 
equation  (M^.,  )  (See  page  293),  about  Its  longitudinal  axis,  • 
one  of  the  tour  corresponding  shortened  convergent  conoida 
of  types  Aj, ,  B^, ,  C^.  ,  D^. ,  which  have  been  shown  to  posse 
ably  about  the  maximum  delivering  efficiency  that  can  be  : 
when  used  in  connection  with  a  divergent  receiver  having  th 
proportions  as  that  of  the  MoGill  meter.  In  such  case  It  Is 
that  if  the  relation  which  the  proportional  acceleration  or 
i  ^,  of  the  circular  freely  contracted  vein  during  cons 
Inflnlteslmal  periods  of  up-stream  and  down-stream  ethereal 
sions  or  oscillations  o(  liquid  particles  bears  to  tbe  Intensity 
pressure  In  the  reservoir  or  the  corresponding  velocity  ol  t 
tion  and  the  diameter  of  the  orifice  In  a  thin  plate  through 
the  vein  is  projected,  was  known,  equation  (H„)  on  page^27! 
be  conveniently  applied  as  It  stands— after  replacing  x  by  I  an 
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>   s^icED^    ItB  proper  value  for  determining  at  least 

(overlooking  now  the  fact  that  the  ratio  of  pipe  aec- 
eectloD  la  oot  to  great  ae  It  Ehould  be)  the  throat 
said  small  McOllI  meter,  bj  taking  froio  a  table  or 
s  the  proper  value  of  i^.  tor  each  pressure  (P^— P  ) 
.  into  requlBitlon.  and  for  a  coaoldal  mouth-piece  ot 
is  that  used. 

alueg  ot  I,  In  veins  of  ordinary  dlameter3  formed 
a  of  various  Intensities  can  be  arrived  at,  at  least  ap- 
1  the  following  manner. 

what  may  be  the  absolute  rate  ot  bodil)'  advance,  or 
:loti  in  space,  of  a  freely  contracted  liquid  vein,  as 
Its  size  and  the  preaaure  by  which  It  Is  generated 
'ernment  of  the  ethereal  force,  t,  acting  along  Its 
□aecutlve  Incrementa  of  time,  dt,  alternatelj'  wltb  the 
[ties  1  and  i  ,  while  the  direction  of  the  resultant  of 
oscillations  or  orbital  movements  In  each  elementary 
reversed  from  down~Btream  to  up-stream,  and  vice 
ind  of  a  great  space  of  time,  T,  after  the  flow  has  been 
stabllshetl.  as  herein  above  enplalned  In  chapter  II. 
the  final  result  of  the  action  of  the  force  /,  with  these 
Lensltles,  must  be  the  production  of  an  Increase  In 
'  formation  of  the  vein,  during  Its  passage  from  fhe 
iflce.  where  It  originates,  to  a  plane  at  a  very  great  or 
e  from  the  said  orifice.  In  the  ratio  of  ^'~  ,(,  ^/y 

St  have  ;  i .  "  —~ — '  = ,  where  t  „„,,,   and  '   _  , 

Bctively,  the  velocity  In  and  the  radius  of  the  section 
ontraction  of  the  vein,  which  obtains  theoretically  at 
ance  from  the  orifice,  but  practically  at  a  distance 
a,meter  of  the  vein  or  so,  and  where  v  j^if  denotes  the 
L3C  In  the  circular  orifice  in  a  thin  plate  and  rj,|.jc  Qie 
aid  orifice.  And  if  we  accept  as  an  axiom  of  hydrau- 
eloclty  of  any  contracted  vein  at  its  cross  section  of 
-action,  cannot  exceed  that  due  to  the  total  height,  ft,. 
)lumn.  which  caused  the  formation  of  that  vein,  and 
height  of  the  water  column  due  to  the  velocity  which 
s  In  the  plane  of  the  orifice  In  which  the  vein  origl- 

*n 

ut:    ,  =-r 
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Again,  when  A,    la  very  gmall,  tl)«  actual  ci>-efflcleDt  of  velo 

[••iM  1 ,  In  the  plane  of  the  orifice,  as  determined  by  well  condi 


|_oria«J  — 


.'.47JI  =  2 


where  0.4721  represents  the  rrB< 


of  the  total  head,  h  ^  which  should  be  effective  In  producing  the  \ 
cltf  of  translation  proper  to  the  said  plane,  according  to  C 
aJler  Antonio  Maria  Lorgna's  "Phiaico-matltemalical  theory  of  fA« 
turn  of  Uquids  igguing  from  ori/lcCB  in  reservoirg,"  published  in  ITS 
the  fourth  volume  of  the  memoirs  of  the  Italian  Society  of  Sclei 
of  which  Lorgna  was  thefounder  and  first  president  The  frat 
0.4T21  can,  therefore,  be  taken  to  be  the  correct  theoretical  valt 

Tfiioc  I  when    the    bead    h^     la   inOnltely   small,    or    nearly    t 
to  0  in  comparison  to  the  diameter  of  the  orl^ce. 

Finally,  the  available  results  of  experiments  made  by  var 
hydraulicians  go  to  show  that  /,  varies  Inversely  as  the  square 
of  the  velocity  ol  the  flowing  liquid,  or  the  fourth  root  of  the  c 
sure  or  head,  h^,  plus  some  ooastant  quantity  k,  and,  morec 
that  Its  value  tor  a  vein  projected  through  an  orifice  of  about 
an  Inch  in  diameter  under  a  head  of  one  foot,  may  be  taken  at 
and  that  when  the  head  on  the  same  orifice  is  increased  to  25 
i^   decreasea  to  nearly  0.33. 

We  have  therefore  thn  relation: 

(\^  +   *)   :   C-JK  +   i)     ::      i'.   !  /,     whence  : 

where  ft^  and  h'^  denote  any  two  effective  beads  or  pressures, 
constant  to  be  determined,  and  i',  and  i  the  intensities  of 
force  /,  during  the  up-stream  excurBlon  period  of  the  molecules, 
responding  to  the  pressures  or  heads  b'^  and  hg  on  an  orlflc 
known  size. 

Replacing  In  equation  (O):  A* by  VoftT,  i,  by  04711,  A* by  V 
and  i,    by  0.400,  we  obtain: 
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(O)  Klv«s  us  for  /,    the  expression : 


S-S55  +  V*', 


of  equation  (P),  the  writer  computed  the  following 
of  approximate  values  of  1,  tor  small  veins  of  from 
1,  or,  lay,  about  half  an  Inch  Is  diameter,  projected 

preuures  k'g  up  to  40  ft;  the  ratio—:: — *  .     .  ol  head 


2r  being  also  indicated. 


. 

Ae 

et. 

*' 

(2^  =  0.50  inch) 
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K^uafoK 


((n'i.+/+/'    +     •JiJ,,i 


'■))  U^P) 


^''•(-') +  (-''-+')  ((7^).' 


In  which  formula  the  symbols  I,  V  &Dd  i  have  the    values  air 
given.  Tlz.;  I  =  0.03166  ft,  I' =  0.8EB  ft.,  and  «  =  0.012B  ft,  while 


As  regards  the  co-efflclent  of  the  velocltr  of  efBux  from  the  < 


eal  Inlet  or  velocity  generator  of  the  meter 


tbe  complex  nature  of  the  case,  the  writer  adopted  in  the  abaeQ< 
more  deflnfte  Information,  uniformly  0.92  for  Its  mean  value  foi 
effective  pressures  (P  — P  }  used  In  the  McGlIl  eiperlmenta  u 
discussion,  where  the  discharge  took  place  Invariably  under  w 
Tbe  writer  finds  that  according  to  Fig.  1  of  M.H.  Coker  and  St 
land's  paper,  tbe  sides  of  tbe  Inlet  of  the  amall  Venturi  meter 
by  them  converge  at  an  angle  of  about  26°,  the  actual  angle  Is, 
ever,  as  already  observed,  probably  nearly  the  same  as  In  Mr. 
schet's  largj  meters,  viz.,  21°.  (See  foot  note  on  page  266).  Ac 
Ing  to  MM.  D'AubulSBOn  and  CB.sters  experiments  with  coi 
gent  tubes  1.55  centimeter  (0.61  Inch)  in  diameter  at  tbe  f 
bSHe.  discharging  In  air  under  a  pressure  or  held  of  3  m 
(10.SS3  feet),  such  a  mouth-plece  gives  a  velocity  of  efflux  equ 
.il^ ^Z<jh^  and  a  final  velocity  of  vein  equal  to  .971  ^ighl; 
denoting  tbe  full  effective  head.  It  is  probable  that  during  the 
sage  of  (he  contracted  vein,  from  tbe  small  base  proper  of  tbe  i: 
cone,  through  the  conoldal  part  of  the  Inlet  where  the  straight 
are  rounded  to  make  an  easy  Junction  with  the  throat,  tbe  I 
vein  Increases  In  velocity  so  as  to  reach  the  maximum  of  .STl^ 
recorded  by  the  French  experimenters,  last  named,  In  the  th 
This  velocity  the  writer  reduced  to  0.92    /2i7A~,  to  allow  for 


Dividing  equation  (H'^^ )  by  yjZgh,  and  replacing  in  tbe  que 
tbe  constants  by  their  values,  as  above  established,  we  obtain  fo 
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jcity  of  efflux  at  the  throat,  CED,  of  the  ajuUge, 
Ita  equivalaDt  Venturi  meter  WZDOFCW  : 


(Vo 

3T7^ 

+  0.88674- 

v'0.8991 ,-. 

'(0.04417) 

(^^o 

04417 

.  +  (Vo.o. 

5'.  +  o.oj 

6Xo-'>S4S9^))' 

L  J  (0) 

the  value  of  t  varies  with  the  effective  head  A^ 
P  )  as  sbowD  In  Table  F. 

bich  here  follows,  the  ezperlmeDts  made  br  Dr. 
trlckland  In  1902,  are  grouped  Into  sets  of  from 
rein  the  throat  velocity  varied  within  very  narrow 
me  br  these  gentlemen;  but  the  Bald  groups  of 
itered  here  in  the  order  of  the  pressures  (P  -  P  ). 
if  the  columns  explain  themselves,  with  the  excep- 
olumn  5,  having  reference  to  the  second  line  of 
this  column,  the  meaning  of  which  la  Indicated 

«d  that  in  calculating  co-efflctenta  C  ,  the  loss  of 
'  bona  fide  friction  In  the  divergent  receiver  was 
isfderation.  There  was,  of  course,  no  occasion  for 
itely  the  loss  of  velocity  from  the  pame  cause  in 
trgent  cone,  as  this  loss  forms  part  of  the  'eduction 
0  to  0.946,  made  in  the  co-efflctent  of  efflux  in  air 
:ent  tube,  as  determined  by  M.M.  D'AubuIsson  and 
L  the  writer  has  further  reduced  to  0.92,  for  efflux 

and,  there  was  no  allowance  made  tor  the  Increase 
,  which  must  have  resulted  from  the  velocity  of 
supply  pipe  on  the  up-stream  side  of  the  meter, 
amounted  to  about  1-18  of  the  actual  velocity  at 
nasi  mum  contraction  and  to,  say  6  per  cent, 
rresponding  to  co-efficient  C  .  As  regards  the  re- 
itream  caused  by  friction  against  the  sides  of  the 
■  or  lower  cone.  It  can  be  placed  approximately  at 
gure  as  that  which  obtains    In   a  cylindrical  pipe 
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having  a  diameter  equal  to  the  mean  diameter  of  thie  recei> 
the  same  length,  which  Is  nearly  ll  mean  diameters  In  this  li 
Now  the  loBB  of  velocity  caused  by  friction  in  a  cylindrical 
pipe  about  11  diameters  long,  varies  according  to  the  tablet 
efficients  of  velocities  reduced  by  friction  given  In  "Nevlll' 
draulic  Tables,  Co-e(DclentB  and  Formulae,"  Third  Edition,  t 
about  10  per  cent  for  the  velocities  corresponding  to  ihe 
-  pressures  (P  —P.)  ind  7  per  cent,  or  less,  for  the  velocities 
spondlng  to  the  highest  preasureB  (P.— P,)  under  which  effli 
place  In  Messrs.  Coker  and  Strickland's  experiments,  as  per  T 
So  that,  assuming  that  the  pipes  referred  to  In  Nevlfle's  tab 
as  smooth  a  finish  inside  as  the  Venturl  meter,  whicb  Is  not 
however,  if  both  the  retardation  caused  by  friction  and  the  : 
atlon  In  the  stream  due  to  the  velocity  ot  approacli  had  bee 
Into  account,  the  net  result  would  have  been  a  slight  deer 
perhaps  from  1  to  3  per  cent  In  the  values  of  the  co-«fflcientG 
eiicered  In  Table  O. 

There  can  be  no  doubt,  however,  that  the  sides  of  ordlnar 
pipes  offer  a  greater  resistance  to  the  tree  flow  of  the  liquid  t 
Bides  of  a  well-flnlehed  Venturl  meter  ;  moreover,  the  infli: 
friction  on  the  flow  In  a  divergent  receiver  may  be  consider* 
two  different  points  of  view.  Instead  of  causing  reduction  o 
Ity,  friction  may  reeolve  itself  In  some  cases,  partly.  If  not  < 
virtually  into  an  Increase  of  pressure  st«mmed,  thus  assist 
lateral  communication  of  motion  and  tending  to  Increase, 
whole,  the  swiftness  of  the  divergent  vein,  rather  than  to  d 
it,  therefore  the  question:  what  are  the  proper  small  cor 
that  sliould  here  l>e  applied  to  the  co-efflcients  C    ,  is  an  ope 

The  co-enclentB  C  and  C  deduced  from  the  experiment 
determined  by  Idessrs.  Coker  and  Strickland,  as  given  in  co 
and  10  of  Table  G,  evidently  decrease  on  the  whole  as  the  h 
crease,  whether  we  consider  (P  — P  )  or  (P  — P„)i  to  be  th< 
basis  for  the  measurement  of  motion  of  translation  in  tbi 
psBslng  through  the  meter;  but  while  the  Tarlatlons  ot  C  a 
gradual,  G  fluctuates  In  a  very  Irregular  manner.  On  t 
trary,  the  co-efflclenta,  C  ,  computed  with  the  aid  of  formula 
and  (Q)  gradually  Increase,  slowly  but  continuously,  as  the  < 

heads  or  pressures   (P  — P  )   become   larger,    and    the   rat 

or  the  total  pressure  ratios 

The  "ralson  d'etre"  of  these  apparently  conflicting  theoret 
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ing  in  tsDgth,  tor  the  reason  tbat  the  dlvergance  of  the  i 
proved,  on  the  whole,  too  great  for  the  hydraulic  pressure 
Inlet  and  the  supplrlDK  efficiency  of  the  same. 

The  nearly  constant  values  of  C  In  Nos.  13  to  21  as  per  cc 
go  to  show,  however,  that  the  effect  of  this  decrease  In  the  i 
length  of  the  recelrer  vas.  In  a  great  measure,  counterbalai 
the  Increased  contraction  which  obtained  in  the  vein  pro] ecti 
the  t!onfcal  Inlet 

On  the  other  hand,  the  continuously  Increasing  values  of 
efficients  C  for  experiments  Nos.  13  to  1,  would  seem  to  Indlc 
a  receiver  longer  than  EH  was  effective  tn  increasing  the  sti 
power  of  the  stream  and  the  throat  velocity  of  the  ajutage 
eald  groups  of  experiments.  In  such  event  the  down 
pressures  P  which  were  observed  near  the  lower  base,  Gi 
receiver  would  fall  short  of  the  full  liquid  pressures  stemmi 
which  correspond  to  the  velocities  generated  In  the  throat  i 
and  there  would  likely  be  zones  of  eddy  water  between  the  < 
divergent  vein  and  the  sides  of  the  pipe  resulting  from  pu 
determloed  In  the  theoretically  Imperfectly  proportion i 
shaped  convergent-divergent  stream.  But  Leaving  these  co 
tlons  entirely  aside,  It  Is  evident  that  the  acceleration  of  the 
in  the  throat  st  O^  in  excess  oE  that  which  can  be  produc 
receiver  having  the  same  divergence  as  ODOPC  Is  impose 
view  of  the  fact  that  the  water  pipe  Is  perfectly  cyllndrlcs 
the  base  "Ft)  of  this  receiver. 

By  comparing,  In  groups  Nos.  IS  to  3,  the  co-efQcienti 
column  10  with  the  co-efflclents  C  in  column  11,  it  will  be  si 
tf  amended  co-efiQclents  C  were  computed  for  the  said  gi 
experiments,  with  the  aid  of  formula  (H^  ),  on  the  basis  of 
=  2.397  in  group  No.  13,  the  oew  co-efficients  C  would  all  t 
to  je  larger,  respectively,  than  C  ,  and  therefore  the  th< 
differences  between  the  pressures  at  the  upper  and  lower  end 
meter  or  the  velocity  generating  heads,  would  be  small 
P  — P  ,  and  also  the  pr^surea  P  smaller,  respectively,  t 
theoretical  down-stream  pressures  that  would  obtain  If 
momentum  of  the  maximum  quantity  of  water  which  an  inl< 
right  proportions  and  shape  could  deliver  through  the  throat 
CED  with  an  up-stream  pressure  about  equal  to  P  ,  was  tran 
In  the  receiver  CDGPC  so  as  to  Increase  the  mass  factoi 
expense  of  the  velocity  factor.  Hence  we  must  conclude 
experiments  12  to  3  a  portion  of  the  momentum  ot  the  sal 
tity  of  water  remained  untransformed  or  stored  as  reserve  : 
and  back  water  in  the'np-stream  section  R    of  the  main  a 
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haa  already  pointed  out  tbat  there  Is  considerable  dlfflcultjr  In  i 
mining  tbeoretically  the  precise  value  of  the  coefficient  of 
from  the  convergent  Inlet  or  upper  cone,  oo  account  of  It  bei 
continuation  of  a  cylindrical  pipe  having  an  area  as  small  as  18 
that  of  the  throat  There  is  another  reason,  however.  The  vali 
I  used  for  computing  the  said  co-efflclent«,  C  ,  taJien  from  Ta 
are  those  corresponding  to  velocities  due  to  the  pressures  (P 
which  were,  under  the  circumstances,  considered  sufficient  for  i 
approximation;  but  It  IB  evident  that  when  the  meter 
full  operation  efflux  taltes  place  from  the  upper  cone  with  velc 
corresponding  more  closely  to  tbose  due  to  the  pressures  (P  - 
hence  In  taking  i^  from  Table  F,  ^^^(P  — P^),  should  have 
used  as  the  argument;  the  effect  of  which  would  have  been  to  a 
I7  Increase  the  values  C  . 

By  replacing  in  equation  (H'q)  i  by  .330E,  the  proper  vali 
a  head  h.  =31.9  teet,  Instead  "f  using,  as  waa  done,  0.3724,  the 
corresponding  to  a  head  of  5.173  feet,  co-efficient  C  of  group  ^ 
is  found  to  be  equal  to  2.313  Instead  of  only  2.236.  A  simitar 
would  of  course  have  been  arrived  at  bad  the  computed  val 
(P,-p,)  C;,  viz.,  29.TZ3  ft,  been  taken  as  the  argument  for  as 
,  Instead  of  the  observed  pressure  (P  — I 


Although,  as  already  stated,  the  comblnatloa  WACPGDBZV 
convergent  with  a  divergent  tube,  which  constitutes  the  Vf 
meter,  attained  the  full  efficiency  corresponding  to  the  length, 
simultaneously  as  regards  discharging  and  pressure  stemming  i 
In  group  ot  experiments  numbered  13  In  Table  G,  11  In  order  U 
tber  eliminate,  in  a  measure,  possible  accidental  irregular  flu 

tiona  we  talie  the  mean  ot  the  four  values  of  the    ratio  ^  1 

four  sets  ot  experiments,  numbers  13  to  16,  where  the  efficlen 
the  apparatus  varied  within  very  narrow  limits,  we  arrive  at 

p 
tor  a  maximum  value  ot  p^  ,  which  is  only   about   1    per    cei 

excess  of  the  mean  ot  the  tour  values  ot  i  ,  corresponding  t( 
respective  down-stream  pressures  P  In  the  same  tour  grou] 
experiments,  according  to  Table  F.  In  view,  however,  of  the 
that  Table  F  Is  applicable  more  especially  la  the  case  ot  a 
projected  through  a  simple  orlSce  about  M  inch  In  diameter, 
that  the  diameter  ot  the  large  base  ot  the  effective  portion  o 
divergent  receiver  measures  over  1%  Inches,  the  indications  are 
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R  sbould  not  similarly  remain  Inoperative  In  chei;klng  tbe  moi 
tiim  ol  the  vein  formed  In  the  said  ajutage  at  the  outlet  FG,  as 
an  P    remains  Interior  to  ^  P  ,  or  thereabouts. 

Pjm 

II,  for  the  sake  of  argument,  we  assume  that  ^— =i,    la  coi 

(or  convergent- divergent  ajutages  such  as  the  Venturi  meter.  ' 
Inserted  In  pipe  lines,  we  will  In  such  case  have  (P  - 
=  -r-  (Psm  =  Pa  -'*d)  "°<1>  consequently,  the  proportion:  (pj- 
(Pjni  =  P,-'''(,)::iV- ^:  hence  also  dlvldendo:  (P,-A,)-{Pan>=l'r 
(Pan  =  Pi  -  *„)'■  ^("7  -  I) :  1,  whence  we  deduce  : 


(P„„  =  P.-*o)='.  (P|- 


-P.) 


(t-^) 


where    pt^   denotes  tbe  maximum  hydraulic  pressure  that  cai 
stemmed  by  the  up-stream  hydraulic  pressure    (P  — h  ),    vix., 
total  pressure  P  ,  minus  the  dead  or  hydrostatic  pressure,  h 
tbat  In  general     in    convergent- divergent    ajutages    of  mail; 
momentum  transforming  efficiency,  the  excess    of    any  up-sb 

(P.-Pa) 
pressure  P    over  V-j " 

sure  P    over    ■ 


(P.-P,)    _    (Pjj 
'It-')    ^    "''- 


hydrostatic  or  dead  pressure  which  does  not  materially  aSect 
stemming  power  of  the  liquid  vein.    And,  according  as  the  tota 

P  — P  , 

stream  pressure  P     would  be  greater  or  less    than ! ?— , 

drop  from  P    to  the  pressure    P      which    obtains    at  the  d< 

stream  end  of  the  meter,  would  have  to  fall  short  of  or  exceec 
minimum  of  (1— t,  )  P  ;  but  in  no  case  would  tbe  bullc  of 
loss  of  head,  or  pressure,  be  caused  by  friction.  Tbe  greater  pai 
or  nearly  all,  the  so-called  lost  head  (P  — 'P  )  has  Invariably  I 
expended  or  utilized.  In  drawing  through  the  contracted  throai 
portion  of  the  entire  volume  of  water  carried  by  tbe  unlntercE 
main  of  uniform  cross  section  which  can  be  passed  through 
meter,  and  hence,  It  seems  to  the  writer,  tbe  drop  In  the  prei 
from  P^  to  P  constitutes  at  least  as  rational  a  basis  for  tbe  n 
urement  of  the  accelerated  motion  of  the  stream  In  tbat  throt 
IP  — P  );  but  It  affords  no  better  indication  of  the  loss  of  head 
to  the  resistance  of  friction  than  this  last  variation  of  pressure. 
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In  groups  of  experlmentB 

an  P  ,  (or  the  Bame  reasc 

groups  of  experiments,  t 
1  0.333  In  the  Intermedial 
16.  In  groups  Nob.  18  t 
tCectlve  In  each  eiperim 
tlve  length  correspondin 
oupB  Nob.  3  to  13  th 
Fall  Bhort,  reBpectively,  c 
<e  stemmed  by  P  becsi 
'  water  which  the  Imperf 
of  delivering  in  a  given 
[  the  groups  of  experlmei 
arlBon  to  tbe  pressure,  t1 
conditions  of  flow  obtain 
I  and  shape  of  the  recel' 
'ansform  the  momentum 
it  supplying,  (or  which  r< 
L  less  efficient  In  tranafo 
lan  In  Nos.  1^.  the  same 
nding   that  It  remained 

iter  next  undertook  to  ( 
latlon  (Hq)  could  be  ap 

Qclty  co-efflclent  C  =   ; 

:h  as  those  which  obtain 
lilr.  Clemens  Herschel  In 
1  a  I'foot  water  main. 
■;  18ST.  experlnienta  were 
direction  with  a  Ventur 
:h  are  recorded  with  (ull 
made  and  tbe  reeults  ob 
bis  pamphlet  of  some  6! 
:url  Meter."  published 
frovldence,  Rhode  Islai 
L  1  to  77. 

neoslonB  of  tbe  essential 
its  appear  to  have  been  n 
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la. — Upper  cone,  Includiag  Junction  with  throftt : 

Length,  1.S90  feet. 

Angle  of  convergence  of  Bides,  21  degrees. 

Diameter  at  JuncUon  with  throat,  0.3316  ft. 

Diameter  ol  large  base,  0.991  ft. 
2& — Lower  cone  Including  throat  proper— which  latter  eCectui 
forms  part  of  the  divergent  receiver  ;  being  divergent  la  comBi 
son  to  the  freelf  contracted  liquid  vein  IsBuing  fr«n  the  upper  c 
or  mouth-piece: 

.  Length,  7.867  feet. 

Angle  of  divergence  of  sideB,  6  degrees. 

Diameter  of  tbroat  at  upper  end,  0.3316  foot. 

Diameter  of  lower  base  0.992  foot 
From  Messrs.  d'Aubuisson  and  Caetel's  experiments  with  c 
vergent  tubes,  It  appears  that,  as  already  stated,  the  co-efflcteni 
efflux  from  a  tube,  the  sides  of  which  converge  at  an  angle  of  21 
sreee  le  but  0.92,  while  the  Snal  velocity  attained  by  the  freely  c 
trocted  vein,  after  leaving  the  convergent  tube  has  a  co^tDcleni 
0.972  ;  that  of  the  theoretical  velocity  due  to  the  head  being  un 
or  1. 

It  has  been  assumed  by  the  writer  that  the  maximum  velo 
due  to  the  bead  is  obtained  In  the  throat  of  the  small  meter,  : 
there  is  no  reason  why  this  should  not  also  be  the  case  for 
large  meters,  but  the  co-efflcient  of  velocity  at  etQux  was  here  v 
probably  somewhat  larger  than  .920,  say;  .935.  Moreover,  the  '. 
at  velocity  due  to  efflux  under  water  -  instead  of  air,  small  def< 
in  the  instrument,  etc.,  was  also  in  all  probability  less  than  for 
small  meter,  say:  0,026  in  place  of  0.05  of  the  theoretical  veloc 
So  that  lor  the  meter  suitable  for  a  one-foot  main,  the  co-efflcl 

of  efflux  at  the  upper  end  o(  the  throat  ,ni;"'ft'^UT  I  >«  probt 
at  least  0.96,  as  compared  to  0.92  for  the  small  meter  used  in 
McQUl  experiments,' when  the  ratio  of  pipe  section  to  throat  seel 
Is  considered  to  be  very  great,  as  was  done  in  the  case  of  the  sn 

As  here,  however;,  the  velocity  of  approach  to  the  meter  In 
t0.3316)»       0.U00       ^,,, 

one-foot  pipe  amounts  to  as  much  as _  0.11^ 

(0.9910)'  0.9821  ~ 
the  throat  velocity,  the  co-efficient,  0.96,  was  Increased  to  0.9( 
(1+0.112)  =1.0675,  in  order  to  make  up,  in  a  way  for  this  extra  ve: 
Ity.  Moreover,  considering  that  practically  all  loss  of  head  at 
caused  by  friction  may  resolve  Itself  into  lOBS  of  head  at 
lower  end  of  the  meter,  as  already  observed,  no  deduction  was  m 
from  this  last  value  of  the  co-efflcient  of  eSux  from  the  converg 
Inlet  on  account  of  the  friction  generated  in  the  receiver. 
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0  pnt,  thfl  ume  u  In  the  case  of  the  small  McQlll 
risk  of  erring  materiallf:  OE  =  /  =  0.3316  ft,,  AB  = 
0.414s  ft,,  1  =  o.6r  =  O.I3  ft.       And  we  have  by  actual 

=  (^^^1^  =  0.6158    ft.l,   A  =7.867   ft.,   and   r'+m;'  = 

r" 
ft.      From  these  dimensions  we  deduce  :   — TZTT — TiTi"     '^ 

t,  j+/+;'  =  8.3i86  ft.,  f+/=o.45i6  ft.,  /+/'  =  8,:986  ft. 

iTlde  equation  (H^  )  (see  paee  272)  hj  ^igh.  and  in 
•place  the  constants  by  their  approximate  values  as 
i.  we  obtain  for  the  co-efflclent  of  velocity  of  efflux 
if  a  meter  applicable  to  a  l-foot  main: 


N'8.3i86f,)'(o.4i56l 


;(^'o.45'6'.+<n^o-i^'t  +  o-33'6/(o-'m74)}' 


L'  I'-.ssr-j  (R) 

alue  of  j',  in  the  large  vein  under  consideration,  It 
led.  Id  the  absence  of  more  definite  Information  on  the 
.  remains  constant  for  efflux  under  the  Bame  head,  In 
'acted  veins,  large  and  small,  viz.,  say  veins  meaeur- 
an  inch  to  eighteen  Inches  or  so  la  diameter,  and 
ea  given  In  Table  F  were  used  as  they  stand  la  all 
ins  made  whether   In   conaectloa    with  experiments 

small  or  large  meter.  This  hypothesis  neede  to  be 
J  be  found  that  it  Is  not  strictly  true,  but  It  la  snffl- 

tor  the  present  purpose, 

ilcb  here  follows  contains  a  selection  of  ten  typical 
rom  those  recorded  in  Table  I  of  Mr.  Heracbel'B 
e  referred  to;  in  this  table  also,  the  same  as  in  Table 
lental  measurements  and  results  have  been  entered  In 
le  pressures  (P  — P  )  and  (P  — P J. 
:  glance  that  In  Table  H  the  co-efflcients  C  and  C  de- 
e  experimental  data  determined  by  Mr.  Herscbel  at 
37.  do  not  Increase,   on   the   whole,  as  the  beads  de< 
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crease,  as  appeared  to  be  tbe  case  at  first  sight,  for  tbe  correspond 
co-efflclentB    afforded    by    the   experlmeuts  made  at  McOlU  by 
Coker  and  Mr.  Strickland  In  1902.      Moreover  tbe  fluctuations  ol 
seem  bere  to  be,  if  anytbing.  more  irregular  tban  tbe  variations 
C  ,  contrary  to  tbe  sbowlng  of  Table  0  ;     as  a  matter  of  course, 
steadily  increases  wltb  tbe  effective  bead  In  Table  H, 
Table  G.    We  notice  also  tbat  C    attains  a  maximun 
in  Holyoke  experiment  No.  60,  near  tbe  centre  of  tbe 
H,  wblcb  maximum  may  be  considered  to  correspoi 
mum  of  2.397  of  group  13  la  Table  O,  and  explalni 


In  tbe  said  experiment.  No.  50.  or  No.  5  of  Table  1 

effect  of  changes  In  tbe  contraction  of  the  vein  forn 

cone,  friction  against  the  sides  of  tbe  meter,  eddies 

same,  etc.,  was  apparently  to  render  the  receiver,  C 

very  nearly  or  precisely  for  Its  whole  length,  EH,  thi 

generated  being  Z.641  times  as  large  as  tbat   due   t 

pressure    {P—P  =1.900    feet)     and  P  j^^    the  bye 

stemmed,  approximately  1.252  ft.;     tahing  for  grai 

P,  -  P.. 

—J — —   Is  approximately  correct  in  this  case  also. 

Mr.  Herschel's  receiver  also  probably  remained 
from  end  to  end  In  experiments  Nos.  6  and  7,  notwi 
the  effective  pressures  rose  from  1,900  feet  for  No.  G  to  5,600  for 
7,  and  the  total  pressure  ratios  decreased    from    .957    to   -875; 
It  evidently  ceased  to  be  effective  for  Its  full  length,  in  eiperlmi 
Nos.  8,  9,  and  10,  where  {P  — P  )  rose  from  6.600  to  11.056  feet, 

tor  experiment  No.  10,  because  the  divergence  of  the  receiver 
on  the  whole,  too  great  for  the  effective  pressure  which  obtal 
and  tbe  degree  supplying  power  of  the  Inlet. 

The  receiver  was  also  less  powerful  as  a  momentum  transfor 
In  experiments  Nos.  4  to  1  than  In  Nob.  6,  6  and  7.  for  the  same 
son  as  the  receiver  of  the  McGlll  meter  failed  to  retain  its  rels 
maximum  efficiency  In  groups  of  experiments  Nos.  12  to  3  of  T 
G.  viz.,  partly  owing  to  the  Inefficiency  of  tbe  convergent  ln]« 
supplying  the  volume  of  water  needed  to  satisfy  the  full  drai 
which  the  receiver  Is  capable  of  producing,  and  partly  owing  to 
unsuitable  proportions  and  conformation  of  this  receiver  in 
altered  conditions  of  the  Sow. 

The  reason  of  computed  co-efficient  C  turning  out  to  be  seas 
In  experiment  No.  5  (50),  than  tbe  corresponding  co-efficient  C  , 
duced  from  the  experimental  data,  viz.,' only  2.3S2  Instead  of  2.64 


tbe  total  pressure  ratio  !-?-      -'-  fall  from  ,87S  for  No.  7,  to  0 
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already  given  In  connection  with  grou 
13.  By  replacing  In  equation  (R),  /, 
I  bead  h^  =  13.S0  feet.  Instead  of  tal 
alue  corresponding    to    a    bead  of  1. 

5  (50)  Is  found  to  be  equal  to  2.442. 
t    the    difference   between    2.641  and 

caused  b7  an  unaTOldable  lack  of 
75,  tbe  co-efBclent  of  veloclt]'  of  efB 
at  conical  ajutage  constltutlag  tbe  v 
*  end  of  tbe  meter;  but  in  tbe  prei 
om  the  general  run  of  the  dtecrepanc 
itneen  the  differences  <P  — P  >  of  tbe 
ullc  heads  at  tbe  up-stream  end,  and  I 
3r  the  meter,  as  Indicated  by  the  gau 
:•  due  to  the  mean  throat  velocity 
eiital  data  which  are  entered  In  i 
lainly  that  from  some  uneiplalne 
l.^^g  was  abnormally  high  In  eiper 
the  throat  velocities  determined  lor  t 

Nob.  4  and  6,  and  that  therefore  th 

be  vitiated  by  some  accidental  dlsti 

;umstances,  however,  It  Is  clear  that 
^ns  of  equation  (H'^,)  the  same  ae  tt 
can  only  be  approximately  correct, 
1  throat    velocity,  can    never    be  exi 

nation  of  momentum  while  the  ratio  _ 

section  of  tbe  cylindrical  pipe  to  the 
le  throat  remains  a  flnlte  quantity. 

he  throat  velocity  co-efflclent  n  tor  a 
similar  to  Mr.  Heracbel's  meter  when 
ery  large  reservoir  R  .  was  deteru 
of  equation  (J'^  )  and    found    to    h 

{P',  -  P'.) 
lie    ratios  .p  —_  p  ■.    given    at    tbe    ft 

J  by  means  of  formula  (A^)  (P'lse  i 

'  that  assuming  the  relation  P       =- 
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cross  section  of  the  main,  only  say  from  1-55— "-Si  to  --_-  =  0 

tlie  total  effactlve  pressure  (P'  — P'  I,  which  is  needed  to  Irani 
tbe  whole  momentum  ol  the  volume  ol  water  carried  by  tbe 
■0  as  to  secure  outlet  and  inlet  velocities  through  the  meter 
to  the  velocity  of  tbe  stream  flowing  through  the  clear  pipe 
brought  into  reQuUltios.  If,  therefore,  ne  increase  the  said  n 
by  say,  20%  In  order  to  eliminate  approximately  the  losa  of  he 
pressure  due  to  friction,  it  would  appear  that  only  a  fractii 
the  momentum  of  the  stream  flowing  in  the  unlntercepted 
varying  roughly  from  ^0.26  =  0.51  to  ^0.65  =  O.Bl,  was  transtc 
In  the  meter  so  as  to  Increase  the  velocity  of  the  moving  Uqv 
the  expense  of  the  mass.  A  balance  fluctuating  roughly  bel 
19  and  49  per  cent,  of  the  total  momentum  of  tbe  stream  tba 
flow  through  the  free  cylindrical  water  main,  according  t* 
length  of  receiver  which  happens  to  be  effective,  remalna  thei 
to  be  accounted  tor,  if  however,  as  appears  likely.  In  large  n 

p  _p          P,-P, 
the  value  of  P       la  Intermediate  between— ^ rand 7-; , 

results  will  have  to  be  amended  accordingly.  According  t 
views  of  the  writer,  as  herein  above  expressed,  a  portion  ol 
balance  of  momentum  unaccounted  tor  by  tbe  difference  (P  - 
between  tbe  up  and  down-stream  pressures  P  and  P  ,  is  repres 
by  an  Increase  In  the  motion  of  translation  of  the  liquid  par 
imparted,  as  It  were,  in  parallel  lines,  viz.,  without  the  pre 
in  the  meter  being  affected  thereby,  save  by  the  additional  frlct 
resistance  generated,  and  tbe  remainder  of  the  momentum  req 
to  make  up  the  said  balance  Is  represented  by  liquid  maintain 
a  relative  state  of  overflow  in  the  reservoir  of  supply  or  up-st 

section  R^  of  the  water  main.    The  fluctuation  of  the  ratios  p 

between  0.834S  and  0.389  indicated  at  the  foot  of  Table  G  1 
obtained  in  the  McGIll  meter  would  be  accounted  for  by  the  v 
In  a  similar  manner.    The  computations  ol  the  numerical  valu 

P,  -P, 

the  ratloSp   _  .—  undertaken  so  far,  are,  on  the  whole,  only  t 

tlve,  the  whole  matter  needs  to  be  more  deeply  and  systematl 
investigated. 
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F  BEBNOuiLLrB  Tbeobeu  for  Flow  Through 

Venturi  Meter. 

for  tbe  Bake  of  argumeDt,  tbat,  as  may  be  believed 
3US  application  ot  Daniel  BernoullH'a  fundamental 
allcB  Ib  all  tbat  Is  required  to  account  eatlalactorlly 
1  under  which  a  stream  of  water  flows  through  a 
vbat  may  be  Its  shai>e  and  size,  and  hence  also 
1  meter,  which  Is.  after  all,  only  a  section  ot  pipe 

nay  be  enunciated  thus:  In  a  ptimanent  itrtam  of 
rUlioit/eta  eondnit,  Iht  dyfftrtnei  btltcein  the  htada  due  to 
btain  in  any  ttco  aregt  leclions  (if  tht  conduit  ia  equal  to  llie 
Ihe  centra  of  gravity  of  tht*e  MCtiont,  minus  the  diffcreuee 
1  tht  up-itrtaiu  ami  dojoa-tlrtatn  i-elocitiei,  /it  n»y 
:oniluii  the  herul  due  to  the  preivre,  plus  Iht  height  due 
section,  pt«»  the  heiyht  of  the  centre  of  gravity  of  the  section 
nlid  plane,  miut  thtrefore  form  a  total  height,  ichich  in  a 

fact  that  the  centre  of  gravity  of  all  tbe  cross  sec- 
are,  as  a  rule,  In  one  and  the  same  horizontal  line, 
itlona  should  therefore  hold  good,  viz.,  we  should 


denote    respectively    the    up    and  down   stream 
tbe  throat  Telocity  ot  the  ajutage  which  constitutes 
,  P  ,  P  ,  the  corresponding  pressures. 
ge  Holyoke  meter  applicable  to  a  cylindrical  pipe 
iter  we  have  also  the  relation: 

McGill  meter  Inserted  in  a  cylindrical    pipe   1.626 


I,;  =  „j  =  O.OSS  t-l  ( 

),  (T)  and  (U)  we  deduce  for  the  large  meter: 
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(P,-P„h- -■^■'f— =  (P, -P.) 

In  both  of  which  last  double  equations  the  differences  of  byd) 
head  tP  — P  )  and  (P  — P  )  bear  constant  ratios  to  the  helgl 
due  to  the  throat  velocity  i'  . 

Inasmuch,  however,  that  as  above  pointed  out,  by  the  insertl 
a  Venturl  meter  In  a  water  main  the  adjoining  up  and  down  ai 
sections  are  actually  converted  Into  two  distinct  connected  resei 
R  and  R  .  of  which  that  (R  )  on  the  up-stTCam  side,  has  tlie 
to  perform  of  stemming  presaure  In  reservoir  R  on  the  down  st 
aide,  through  the  limited  enclosed  passage  left  ^r  that  purpose, 
such  time  as  the  volume  of  llQuld  Issuing  from  R  in  a  given 
becomes  reduced  to  rather  less  than  the  quantity  of  water  tUat 
ed  through  the  pipe  previous  to  the  Introduction  of  the  meter  i 
same  time,  it  is  clear  that  the  equalities  (V)  and  (W)  can  neve 
tain,  as  the  up-stream  pressure  P  must  invariably  be  greater 
the  down-stream  pressure,  P  ,  otherwise  motion  of  translation  i 
be  Impossible  in  the  water  In  the  connecting  ajutage-plpe. 

Again,  in  accordance  with  the  law  expressed  In  the  said  the 
we  should  also  have: 

(p,-pj='-i-^_. 

But  considering  that  as  already  pointed  out,  the  pipe  In  wh 
meter  Is  Inserted  Is  Invariably  supposed  to  have  practically  the 
diameter  at  both  ends  of  that  meter,  the  up-stream  velocity  r 
always  be  equal  to  the  down-stream  velocity  v  .  For  this  n 
equation  {X)  becomes:  (P  — P  )=0,  which  result  can  evld 
never  be  verified. 

Th'^se  failures  of  BernoulIH's  theorem  are  generally  attril 
to  an  abnormally  great  head,  or  pressure  destroying  action  of 
tjon,  which  is  supposed  to  obtain  in  the  meter;  but  this  eipian 
is,  it  seems  to  the  writer,  simply  a  make  shift  tantamount  t 
admission  that  we  are  rather  much  In  the  darlt  as  regards  the 
cause  of  the  glaring  want  of  concordance  of  many  theoretical 
experimental  results.  For.  be  above  pointed  out,  It  Is  Inconcel' 
how  such  an  enormous  loss  as  70  per  cent,,  or  more,  of  head  < 
be  caused  by  friction  alone  during  the  passage  of  water  throu 
straight  piece  of  pipe  polished  inside,  having  a  length  barely  ( 
to  15  times  its  mean  diameter. 

The  writer  presumes  that  If  he  were  making  such  remarh 
the  foregoing,— which  might  be  construed  to  be  in  derogatio; 
Bernouilll's     theorem — before     certain     noted     hydro  dynamic 
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ftlDcleiit  deduced  Irom  the  experimental  data  available;  1 
to    —        *  and  according  to  BernoulurB  tbeorem, 

vli.,  (P  ~P  )C '  shonld  prove  to  be  equal  to  the  actual 
between  the  pressures  or  heada,  P  and  P  ,  which  obtain 
stream  cross  section  and  at  the  throat,  as  determined 
gauging,  that  la  to  say,  we  should  have  :  (P  — P  )Cj: 
By  referring  to  columns  6  and  7  In  Table  G.  it  will  eaf 
that  this  mathematical  equality  is  not  realised,  and  tht 
velocities  the  difference  of  pressure  or  head  (P  — P  ),  a 
directly  with  the  gauges,  is  smalier,  and  for  high  reloc 
greater  than  the  corresponding  computed  dllTerence  of  hea 
C'-'  based  on  the  actual  effective  pressure  (P  — P  ).  For 
group  of  experiments  No.  1  of  Table  G.  we  have  for  an  eff 
of(P,-P,)  =  o.jj;ft.:  !(P,-PJ-(P,-P,)C'|  =  -o.8iifl.,wl 
No.  lo.  for(P,-P,)  =  3.544ft.  we  have  :  JlP,  -  P,)-(Pi  -  P,)C 
fL,  and  in  group  No.  20  of  Table  O  this  difference  reochei 
mum  value  of  +  4.836  ft.  for  (P  — P  )=I1.203  ft.  In  the  e 
recorded  in  Table  H,  similar,  as  a  rule  smaller,  but  mor 
discrepancies  obtain,  as  appears  from  the  results  given  1 
6  and  7  of  this  table. 

Now,  there  can  be  no  room  (or  doubt,  but  that  (P  - 
represents  the  difference  between  the  mean  positive  prt 
and  P  ,  which  actually  obtain  In  the  maximum  up-stream 
stream  cross  sections  of  the  meter  respectively,  where  the 
Invariably  run  full;  but  the  case  Is  different  as  regards 
or  throat  portion  of  the  meter.  At  this  point  there  must 
from  the  nature  of  the  cose,  more  or  less  Indeflnlteness  1 
file  of  the  free  vein  Issuing  from  the  upper  convergent  lnl< 
fact  the  proportions  of  the  conoldal  vein  projecting  b 
down-stream  side  of  the  small  base  or  tip  end,  CED,  o 
vergent  upper  cone  must  necessarily  vary  with  the  dlame 
base,  the  pressure  P'  ,  the  corresponding  value  of  »^  and 
of  convergence  of  the  sides  of  the  conical  Inlet,  bo  that 
most  favorable  conditions.  It  Is  difficult  to  arrive  at  the 
of  the  freely  contracted  vein  In  the  cylindrical  throati  at  1 
of  maximum  contraction  of  the  vein,  vli.,  at  tb 
which  corresponds  to  the  throat  pressure,  P  ,  ind 
the  vacuum  gauge.  Around  this  contracted  secti 
must  always  be  a  zone  of  eddy  water  and  vapor,  which  doei 
part  of  the  body  of  the  etroam.  the  same  as  happens  In  a 
Indrkat  tube,  added  directly  to  the  side  of  a  reservoir^  or 
connection  between  two  reservoirs,  viz.,  at  a  point  dtatai 
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does  Dot  (ollow,  however,  that  a  close  coincidence  between  (1 

and    .Sy:°    such  as  tbat  whicb  obtained  In  many  of   Mr.  Hei 

experimenta  and  In  a  number  ot  the  McGlll  experiments,  mui 
tlnue  to  subsist  tor  all  pressurea  and  all  sizes  oE  meters,  a 
matter  what  be  the  ratio  of  pipe  area  to  throat  area  and  the  ( 
proportions  and  proBles  of  the  Inlets  and  receivers.  Moreove 
eidering  that  In  those  experlmenta  of  Tables  G  and  H  whe 
throat  velocltr  v  actually  proved  to  be  nearly  equal  to  tt 
to  the  difference  (F  ~P  )  of  tbe  up-stream  and  tbroat  water  i 
pressures,  the  values  of  co-efflclents  C  fluctuated  In  the  15  at 
such,  experiments  out  of  tbe  total  ot  21  series  ot  Table  G;  b 
1.799  and  2.397,  and  In  the  8  corresponding  experlmenta  out 
10  of  Table  H  between  1.861  and  2.641,  It  cannot  be  said— j 
by  the  Indications  ot  the  experimental  determinations— th 
Venturi  meter  Invariably  permits  either  the  whole  or  tbe  sao 
centage  of  the  water  carried  by  the  free  pipe  ta  pass  throi 

Tbe  closer  we  keep  with  the  tubular  envelope  of  the  meter 
pipe  ot  uniform  bor^,  that  is  to  say.  the  larger  the  throat  ua 
the  smaller  tbe  ratio  ot  pipe  section  to  throat  section;  (a)  tbe 
er  will  be  the  pressure  utilized  to  transform  momentum,  viz,, 
called  actual  loss  ot  pressura  (P  — P  ),  after  being  correct 
— viz.,  diminished  by — tbe  loss  ot  pressure  due  to  friction;  al: 
the  smaller  will  be  tbe  pressure  accumulated  at  the  up-strei 
of  the  meter,  in  excess  ot  that  which  obtains  at  the  same  p 
the  clear  pipe,  and  hence  the  smaller  the  risk  of  the  orlglo 
charge  being  reduced  by  hack  pressure  ;  the  volume  of  water 
ed  to  pass  through  tbe  meter  in  a  given  time  being  greatest 
tbe  throat  Is  left  ot  the  full  bore  of  the  pipe,  tbat  is  to  say,  ei 
up  to  Its  greatest  possible  width  or  diameter.  On  the  othet 
vfhen  the  ratio  ot  the  diameter  ot  the  pipe  to  tbat  ot  the  th 
tbe  meter  becomes  Inflnltely  great,  viz,,,  when  the  tbroat  is 
completely  closed  up  :  la)  the  whole  ot  tbe  tbroat  velocity 
duced  by  the  transformation  of  momentum  and  the  portion  ( 
velocity  which,  in  ordinary  caaes,  is  due  to  bodily  translat 
liquid  particles  in  parallel  lines  vanishes,  viz.,  Is  reduced  to 
the  pressure  accumulated  at  the  up-stream  end  of  tbe  meter 
ceEs  of  that  which  obtains  In  the  clear  pipe  is  a  maximum  a 
volume  ot  discharge  through  the  meter  is  reduced  to  a  mlt 
viz..  to  0,  for  the  entire  original  discharge  through  tbe  free 
now  stoppei"  and  turned  back  to  the  source  ot  supply  ;  (d)  tb' 
sure  utilized  to  transform  vein-momentum,  viz..  tbe  so-called 
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),  diminished  b;  th< 
ntutlmum. 

here  ajutages  or  mel 
s  between  the  exCrei 
ia,t  in  a  given  time 
1  discharge  through 
d  under  the  same  pri 
the  Telocltr  of  this  c 

end  has  invariable  t 
ige,  which  must  nece 
ure  at  the  down-stre: 
jssure— altogether  [n 
ted  br  the  friction  di 
isualiy  only  of  aecon 
lore,  to  the  writer,  tl 
i-olume  of  discharge 
the  Venturl  type,  cou 
:elver  such  proportli 
ty  of  momentum  to 
lutage  eo  as  to  increj 
ed,  which  Is  requirei 
ns  Dt  the  variations 
ctuations  In  the  volu 

practicable  to  regie 
tracting  the  pipe  at 
Ion  of  the  comparat 
h  the  free  pipe  may 
secure  a  difference  (i 
ires,  that  la  nearly  ei 
t  velocity,  whether  v 
mtageouB  variation  i 
lies  the  liberty,  bef< 
1  of  the  Society  to  I 
r  discussion,  wblcb 
ir  future. 

Instructive  to  detera 
;e  of  the  total   quan 

unlntercepted  by  a  i 
laaa  through  the  tden 
w — when  a  meter  is 
ould  be  measured  ii 
let  valves  remaining 
I  above  the  Inlet  val 
ind  down-stream  pre: 
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be  observed  In  eacb  case  at  the  aame  points  of  tb«  line  of  pi 
well  aa  tbe  tbroat  preasures. 

FHnatlr.  the  writer  would  like  to  see  further  ezpertmenta 
bearing  on  the  efflux  of  water  under  varlouB  preaaurea  tn  a  vt 
through  cylindrical  and  divergent  tubes,  similar  to  thoae  mt 
Hachette,  above  referred  to,  and  some  with  convergrent-div 
ajutages  constructed  along  tbe  lines  herein  above  Indicated  ani 
more  rapid  streams  than  have  been  so  far  used;  additional  pr 
gauges  being  also  Inserted  and  read,  near  the  lower  end  of  the 
gent-recelver  or  lower  cone. 
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DISCUSSION. 

.  Coker  thought  It  would  be  Intereftting  to  Bome  olfioi-Cokti 

:o  examlue  the  meter  used  in  ttie  experiments.     It 

iple  thins,  conBiBtlnK  esBentlally  of  two  conea.     Une 

tirelr  large  angle  at  the  apex,  and  the  other  was  a 

ergeivt  cone,  opening  to  the  down-Btream  end  of  the 

er  cone  was  not  the  best  form,  and  the  expe  rim  enters 

re  of  that  when  they  made   the  experiments. 

refully  read  through  all  ol  Mr.  Herschel's  work.    He 

I  experiment  on  divergent  openings  that  a  cone  witb 

it  6  degrees  to  the  centre  line  of  the  pipe  gave  the 

The  attempt  was  to  Dud  out  if  the  Venturi  meter 
,ed  to  Bmall  fiowa,— not  to  obtain  data  with  regard 
TH  of  cone.  Therefore,  a  short  divergent  cone  wa« 
t  was  convenleDt  to  turn  Its  Interior  surface  in  the 
was  difficult  to  accomplish  with  a  very  long  one.  It 
t  the  Venturi  meter  could  not  be  very  well  adapted 
titles  of  water,  such  as    a    house    supply.      It  was 

venture  on  a  theoretical  diacuaaion  of  the  reaultB, 
liability  of  the  motion  of  the  water  eeemed  to  render 
1  almost  ImpoBslbie.  There  was  no  doubt,  however, 
experimental  results  were  correct,  the  facilities  for 
te  experiments  having  been  exceptional. 
ot  been  able  to  do  more  than  briefly  glance 
Iteckel's  paper.  There  were,  however,  one  or  two 
shed  to  touch  upon.  He  would  Ulce  to  know,  for 
:e,  whether  Mr.  Steckel  had  talieD  Into  account  the 
divergent  cone  the  motion  was  eaaentialty  unstable, 
int  which  could  not  be  loat  sight  of  in  any  mathe- 
Ltlon.  With  regard  to  the  relation  between  the 
1  of  a  Jet  flowing  Into  the  atmosphere  through  an 
ik,  and  the  contracted  vein  of  the  meter,  It  eeemed 

that  the  two  were  eesentlally  distinct.  The  con- 
water  Jet  was  due  to  the  water  flowing  to  the  orlflce 
parts  of  the  tanlt.  In  the  case  ot  the  Venturi  meter 
ne  in  which  there  seemed  no  posalbllity  of  gelling  a 
.  such  as  occurred  In  a  free  Jet,  The  water  must  fit 
flowed  through  the  meter. 
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I.  Mr.  R.  Steckel  eald  with  regard  to  Prof,  Coker's  remarks 

the  difficulty  ol  lavestlgatlng  the  ettect  oC  eddies  and  other  Irr 
motions  In  the  flow  through  the  convergeiit-divergent  adji 
that  the  appliances  tor  the  work  were  very  imperteet,  and 
bad  so  tar  never  been  constructed  any  such  adjutage  on  c 
vertical  lines. 

^  Mr.  F.  H.  Pitcher  said  the  Montreal  Water  ft  Power  Coi 

was  about  to  InEtal  at  one  ot  Its  pumping  stations  a  slx-n 
gallon,  high  tltt,  two  stage,  centrilugai  or  turbine  pump.  The 
was  to  be  driven  by  a  three-phase  induction  motor  at  a  spi 
approximately  750  revolutions  per  minute.  It  was,  ot  t 
unneceesary  to  state  betore  the  Society  that  with  such  a 
BOme  accurate  means  other  than  the  relations  between  the  n: 
ot  revolutions  per  minute  and  the  water  discharged,  must 
hand  to  measure  the  water  pumped.  For  this  purpose,  the  V 
meter  seemed  admirably  adapted. 

It  was,  theretore,  Mr.  Pitcher's  intention  to  have  order* 
this  station  a  Ventur)  meter  having  a  daily  capacity  of  th 
million  gallons.  Should  the  first  centrifugal  pump  prove  to 
success,  a  second  would  be  installed,  and  Che  meter  would  tl 
times  be  worked  to  its  full  capacity.  The  makers  of  the  melei 
a  guarantee,  within  a  certain  degree  of  accuracy.  l>etwee: 
limits  of  one  and  thirteen  mllHoa  gallons  per  day.  It  woi 
interesting  to  test  the  performance  ot  this  new  type  ot  pum| 
with  electrical  instruments  and  the  Venturi  meter,  a  fair  ii 
its  performance  should  be  obtained.  This  would  be  the  first 
ot  that  capacity  and  type  in  Canada,  and  was  to  be  used  for  n 
water  works  service,  against  a  bead  of  135  lbs.  per  square 
pressure. 

1.  Mr.  Steckel  replied,  that  in  the  larger  capacity  meter,  si 

would  be  Installed  in  tbe  plant  mentioned  by  Mr.  Pitcher,  i 
much  head  would  be  lost,  which  Is  now  commonly  considered 
all  due  to  friction.  In  the  larger  meter,  there  would  be  more 
going  through,  and  at  the  same  time  the  water  which  actual 
go  through  could  be  measured  by  more  refined  methods. 


BUSINESS  MEETING. 

t  the  Society  tor  openiog  of  ballots  for  tbe  election 

3  hsid  on  Tbureday,  December  15th,  1904,  Mr.   W. 

,  Member-of -Council,  In  the  chatr. 

McLea  Walbank,  J.  JobnsoD,  G.  B.  Ashcrolt,  H.  K. 

imtsaon,  J.  W.  HeckinaD,  and  E.  A.  Khys-Roberta 

Isolated    scrutineers   ol    tbe     ballot,    declared    tQe 

1:— 

Meubers. 

bour.  a.  n.  moleswohth. 

AS.  J.  C.  T.  Crofts. 

T.  B.  Naish. 

Associate  Meiiberb. 

«D.  F.  E.  Leach. 

I.  KBCtiu.  B.  B.  Mebrill. 

ST.  N.  De  C.  Walker. 


R.    J.    DURLET. 

C.  H.  B.  Topp. 


H.   Hadi.et. 

S.  W.  Hamilton, 

John  Hogam. 
D.  L.  McLean. 
R.  Potter. 

J.    ROBITAII.LE. 

N.  J,  Slater. 


aSNBlRAL  SEX7TI0N. 

Meeting,  December  SZnd,  1904,  Mr.  W.  McLea  Walbank 
chair. 

After  some  dlBCUsalon  on  Mr.  Leonard's  paper.  "The  I 
Heat  from  Iron  Pipes."  the  following  paper  was  read:  — 


BRIDGE  LAUNCHINO. 
By  B.  J.  P0BRE8T,  M,  Can.  Soc.  C.  E. 

The  writer's  oblect  In  presenting  this  short  paper  to  the 
of  the  Society.  Is  to  call  attention  to  a  method  of  erection  1 
bridEes,  which,  though  it  has  been  tor  many  years  in  voEue  1 
land  and  the  Continent  generally,  baa  not  hitherto  been 
adopted  in  Canada. 

The  construction  of  a  bridge  may  be  simple,  but  the  eret 
the  same  la  governed  entirely  by  local  circumstances,  and  li 
tries  where  lumber  for  falsework  Is  scarce,  and  the  cost  of 
labour  Is  high,  it  Is  necessary  to  seek  such  means  of  handl 
work  in  the  field  as  will  entail  as  small  an  outlay  as  pose! 
these  items. 

The  particular  work  to  which  attention  U  called,  la  the  e 
of  several  steel  bridges  for  the  Central  Bahla  Railway, 
America.  The  design  for  these  bridges  was  prepared  by  the 
who  also  had  personal  charge  of  the  erection,  and  the  brli 
lected  tor  description  Is  one  of  203  feet  length  epanniog 
gorge,  the  base  of  raJl  being  about  ISO  feet  above  water  lev 
the  sides  of  the  gorge  being  very  precipitous. 

The  difficulty  of  succeBsfully  designing  the  bridge  was  en 
by  the  fact  that  this  portion  ot  the  country  is  liable  to  severe 
of  earthquake,  and  suitable  provision  was  made  for  tbe  supi 
the  trusses,  as  will  be  described  later. 

Owing  to  the  cheapness  and  facllitj'  of  procuring  ceme 
stone,  tbe  abutments  and  wing  wails  were  built  of  concre 
concrete  being  braced  and  tied  together  with  old  rails  and  t1 
as  Indicated  on  drawing,  since  It  was  found  that  the  adjacei 
was  cracked  and  fissured  (or  a  considerable  depth.  The 
lines  ot  cleavage  of  strata  ran  north  and  south,  and  the  dtrec 
oscillations  east  and   west.  " 

The  method  of  erection  of  tbe  bridge  was  as  follows: 
suspension  ropes    1-5  8"  diameter  were  carried  across  the 
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den  roller  bents  at  «ach  abutment  and  connected 
lored  at  each  end.  Bach  hall  apan  was  assembled. 
le  Of  the  opening,  and  hauled  to  the  beginning  ol 
«  second  panel  o(  each  from  the  centre  was  securely 
Inged  top  of  a  temporary  wooden  braced  boom  !4U 

was  pivoted  on  the  rock  face  of  the  gorge  aa  shown 
the  centre  panels  of  the  bridge  were  placed  rolled 
vhlch  rested  on  the  1-5  8"  suspension  ropes.  The 
i  and  girders  were  stiffened  by  the  use  of  5-S"  steel 
These  were  also  used  for  alignment,  and  in 
lullng  ropes  In  starting,  stopping,  balancing  and 
travel  of  trusses.  The  Shore  ends  of  the  trusses 
inched  rested  on  skids,  the  ends  being  counter 
ch  as  possible  during  the  launching.  These  skids 
and  are  shown  In  the  Illustration.    Powerful  screw 

when  the  skids  Jammed. 

s  of  %"  steel  were  attached  to  the  trusses,  the  haul- 
.pllshed  by  the  aid  of  a  locomotive,  and  blocks  and 

da  <A  the  halt  spans  met  at  the  centre  of  the  open- 
:  up  and  adjustment  was  done  by  means  of  Jacks 

ul  cam  Jaw  levers  bolted  to  upper  and  lower  chorda 
holding  them  In  position  while  the  Joints  were  being 
ten  this  was  done  the  centre  and  end  cross  girders 
es  and  spandrels  of  upper  and  lower  chords  were 
3n,  and  after  these  the  wind  bracing,  laterals,  floor 

velght  of  the  truss  was  carried  on  the  SO  foot  boom, 
I  were  assembled  at  sucb  a  height  that  when  the 
,  together,  the  lowering  of  the  top  end  of  booms 
of  wedges  would  bring  the  trusses  to  the  necessary 
le  Qnlshed  rail  level. 

cupied  In  launching  and  closing  up  the  trusses  was 
,  and  for  flili^  platform,  raiting,  clearing  and  clos- 
t  one  day.  Freight  trefflc  was  suspended  for  three 
1  approaches  raised,  and  abutments  altered  to  suit 
during  this  time.  Passengers  and  baggage  were 
I  by  means  of  a  small,  low  level  trestle  bridge, 
jf  bridge  material  and  urgent  freight  were  carried 
lenslon  ropes. 

I  rf  the  existing  bridge,  which  the  new  one  was  to 
unt  of  Increased  rolling  loads,  was  removed  by 
looms,  gear  and  tackle  as  were  afterwards  employed 

entloned,  special  end  bearings  had  to  be  designed 
Ion  for  dlaplBcement  by  earthquakes.     Aa  will  be 
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Been  io  plate,  the  shoea  were  ol  disc  form,  resting  on  a  nun 
balls,  these  In  turn  resting  on  bed  plates  of  suitable  dishef 
This  lorm  of  bearing  was  fouttd  to  work  in  a  very  satisfactor 
ner  during  earthquake  shocks,  which  gave  OBCllIatorr  moi 
centre  of  span  of  about  three  Inches,  with  no  signs  of  cracks 
tlements  of  abutments  or  wing  walls. 

The  total  weight  of  the  bridge  as  launched,  was  about  on 
dred  and  twenty  tons,  thus  giving  a  load  on  each  launcblDj 
of  from  thirty  to  forty  toas. 

Provision  was  also  made  for  adjusting  the  rail  approac 
the  use  of  four  moveable  track  entrance  trussed  beams  12" 
fixed  at  each  end  of  bridge,  one  end  being  strapped  and  be 
side  of  end  floor  l>eaiii,  the  other  end  resting  on  cross  beam  t 
sklda  and  wedges  for  facilitating  alignment  and  levellim; 
track  entrances  into  bridge  after  earthquake  shocks  or  sell 
of  ground. 

The  cost  of  erection  and  launching.  Including  labour,  a 
and  transportation  of  same,  was  about  1500.00. 

The  material  used  In  construction  of  the  bridge  was  sb 
unit  stress  allowed  being  about  13,000  pounds  per  square  ii 
both  tension  and  compression. 

MaJtlmum  deflrctlon  at  centre  Is  about  2%  Incbes. 

The  main  joJnts  ot  trusses  at  the  centre,  as  also  the  gussei 
were  rlvetted,  all  other  connections  being  bolted,  chiefly  on  i 
of  lack  of  skilled  labour  and  with  a  view  to  facilitate  speed 
tlon. 
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ROLLER    BEABIHG     Smqes. 


DISCUSSION. 

Mr.  Shearwood  asked  the  following  aueBtlona:— 
(a)  Although   the   lauDchlng   method   has  otteu   been   us 
Europe  and  Australia  for  erecting  bridges, — have  not  some 
means  been  employed  to  support  the  half  spans,  and  Is  dq 
rocking  boom  a  novel  feature? 

(6)  Why  should  not  the  floor  beams,  cross  struts,  etc.. 
been  placed  In  position  before  launching?  In  thla  way  the  tw< 
structures  would  have  been  rendered  more  Btable  to  move,  an 
assembling  of  these  members  would  have  been  simpllfled. 

(c)  Were  there  not  some  means  provided  for  holding  bae 
bait  spBDB  when  nearlng  the  closing  point?  The  angle  whic 
booms  make  with  the  vertical  being  about  30  deg.,  and  most  < 
weight  being  carried  on  the  booms,  an  anchorage  of  about  IS 
appears  to  have  been  required  at  each  corner. 

(d)  The  booms  being  placed  beyond  the  centre  of  gravl 
the  weight  launched,  no  load  would  be  carried  by  the  suspe 
cables,  and  these  appear  to  have  been  superfluous  as  far  as  la 
Ing  the  span  was  concerned. 

(e)  The  form  of  adjustable  rocker  bearing  as  shown  i) 
llluslratlon  would  soon  be  filled  with  water,— was  there  any 
vision  to  keep  dirt  and  moisture  from  filling  in  between  the 
and  BO  rusting  their  surfaces  as  to  prevent  free  movement? 

(f)  No  provision  appears  to  have  been  made  for  expanslo: 
contraction,  and  the  bed  plates  have  no  anchor  bolts  shown  tc 
them  in  place.  Were  these  plates  simply  laid  on  the  concrete, 
no  definite  connection? 

(a)  In  view  of  the  (rlctionless  nature  of  the  ball-bearing 
face,  is  there  not  a  danger  of  the  bridge  being  blown  out  ' 
base  plates?  The  horizontal  force  wputd  only  have  to  be 
enough  to  alter  the  direction  of  the  resultant  reactions  aba 
deg,  from  the  vertical  to  unseat  the  span. 

Mr.  Forrest  answered  as  follows: — 

(«)  He  was  not  aware  of  rocking  booms  having  been  emj 
in  bridge  launching  of  this  kind. 

(!i)  Floor  beams  were  very  heavy  and  deep,  only  three 
fixed  in  position  in  each  half  span,  and  three  cross  struts  an 
in  panels  (one  at  each  end  and  one  In  middle),  all  with  the  ' 
of  atlffening  span  without  adding  much  to  its  launching  weig 

(c)  Half  spans  were  bolted  to  bead  of  rocking  booms, 
were  held  under  control  by  powerful  sets  of  double  purchase  1 
and  tackle,  and  wire  ropes  attached  to  a  locomotive  (one  on 
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eats),  wblcli  easily  coDtrotled  travel  of  spans.      All  ^^  pg„ 
)red  were  double  purchase  and  securely  aacbored  to 

iispenalOD  cables  were  used  principally  for  assisting 
S  allgnmeat,  and  oBsisting  In  steadying  spans   and 
r  materials. 
pper  rocber  bearings  liad  several  oil  feed  holes  and 

the  lower  bearings  were  filled  with  thick  native 
signs  of  water  could  be  seen  In  them. 

bearings  were  securely  bolted  to  flanges  ot  lower 
el  sleeve  bolts  and  washers,  working  la  oval  holes  In 
id  plates — lower  bed  plates  were  similarly  attached 

corresponding  cavity,  and  bolted  and  washered   in 

:  two  heavy  gales  much  teas  oscillation  was  observed 
Ins  passed  over  at  high  speed,  as  bridge  was  at  bot- 
kdes  and  entrance  of  two  curves  (one  on  eacli  side); 
.ban  during  earthquake  shocks;  the  greatest  oscllta- 
as  In  centre  of  lower  portion  of  span  during  these 

ark  said  he  could    not    help    noticing  the  sum   ofxcooidi 
l>or, — wblcb  worked  out  to  about  f4.00  per  ton   for 
vorb.     He  did  not  think  American  eagins^.'s  would 
work  In  the  same  way.    It  looked  like  a  particularly 

a  steel  arch  or  cantilever. 

□k  also  thought    that    the    figure   was  rather  lowur.wniii 

:oflt.      The  author  had  called  attention  to  the  fact 

lor  was  scarce  there,  which  was  probably  the  reason 

n  question  wa*  adopted.     He  also  wished  to  know 

er  those  conditions  would  be  afCected  by  earthquakes 

It  would   iu  this   country? 
'ood  thought  that  an  arch  with   three  hinges  would  j^  g^^^ 
as  any  simple  truss  or  cantilever  span. 
.  possibly  the  engineer  had  feared  settlement  tn  the 

t  remarked  that  the  author  bad  spoken  of  oscillation urBUict 

,  sent  the  following  answers  to  the  questions  raised  ^^  ^^^^ 

i  to  cost  of  erection,  native  labour  was  very  cheap, 
iloyed  were  aa  followai^One  foreman  (Scotch- 
nerlcan  negroes  (sailors)  as  riggers,  and  about  20 
opes,  spars  and  tackle  were  procured  cheap  from  a 
The  erection  of  false  work  would  have  been  very 
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He  bad  proposed  a  cantilever  or  arched  span  as  eas 
erect,  but  the  cainpaii!r  bad  a  cheap  offer  ol  suitable  materia 
as  skilled  labor  was  scarce.  It  was  decided  to  make  use  of  it. 

In  answer  to  Mr.  Watbank,  he  thought  not.  under  the 
conditions. 

In  view  of  trouble  experienced  with  other  bridges  < 
line,  be  bad  been  afraid  of  some  settlement  la  abutments, 
were  croBS-braced  with  old  rall-bolte  and  washers  on  that  ac 

The  general    direction    of    cleavage    of    roclc   (1(   It   co 

called  so)  would  be  nearly  north  and  south,  the  general  dli 

or  line  ot  shock  oscillations  would  be  nearly  east  and  west. 

r.  Ur.  W.  T.   Jennings  sent  in  the  following    questions  c 

paper:— 

1.  What  was  the  design  of  the  orlglnil  structure? 

2.  What  was  the  material  composing  It? 

3.  When  and  how  was  it  erected? 

4.  Could  it  not  have  been  used  as  false  work  tor  the  erect 
the  new  span? 

5.  The  weight  of  metal  In  the  new  span  should  be  given 
the  stated  cost  tor  erection,  etc.,  can  be  reduced  to  a  short  toi 
lor  comparison  with  other  methods. 

6.  Does  the  coat  of  erection,  as  atated,  cover  the  laying  ' 
needle   beams,   or   deck   and  guard  rails? 

Mr.  Forrest  sent  the  following  answers;  — 

1.  Through  composite   (wood  and  iron)   triangular   truss. 

2.  Wcod  and  iron,  badly  worn,  rusted  and  decayed,  ant 
demned  by  Government  inspector.  Only  a  small  shunting 
and  a  few  cars  were  allowed  over  at  a  time. 

3.  Erected  about  1S70,  In  sections  on  false  work.  It  was  i 
costly  and  long  operation. 

4.  It  was  too  narrow,  awkwardly  situated  and  badly  In  thi 
and  not  trustworthy,  being  badly  worn  and  condemned. 

5.  New  bridge,  1,120  tons;  old  bridge  about  S5  tons;  well 
track  and  ties  extra  (about  16  tons). 

e.  Partly,  as  they  were  used  In  removal  of  old  bridge  pr 
launching  new  one.  The  deck  and  guard  rails  of  the  old 
were  used  again. 


MINING  SECTION. 


meeting  ot  the  section  was  beld  on  Tburaday.  Decem- 
Dr.  J.  B.  Porter  In  the  chair.      The  tollowing  papers 


uUES  AND  PbUE  DUST  AT  ANACONDA. 

■By  C.  H.  McDouoALL,  S.  Can.  Soc.  C.  E. 

item  of  recorering  the  solid  matter  from  tbe  gases 
le  various  luraaces,  la  one  that  during  the  past  years 
much  attention  at  Aoaconda.  ThU  Is  more  especially 
5  the  erection  o(  the  new  smelter  in  1902.  Since  then 
the  arsenic  liberated  In  t&e  smelting  process  became 

me  of  construction  it  was  thought  that  tbe  height  ot 
rhlch  the  plant  was  placed  together  with  steel  stacks 

the  reTerberatorlea,  roasters,  blast  furnaces  and  con- 
d  lift  the  smoke  to  sucb  an  elevation  as  to  prevent  it 
[ury  in  tbe  adjacent  Talley.    However,  on  commencing 

was  FovDd  that  the  prevailing  winds  more  than 
iced  the  benefits  thus  obtained,  and  the  deposition  of 
itter  on    the    neighbouring    farm  lands  gave  rise  to 

ly  tniB,  as  well  as  to  save  the  solid  matter,  which  con- 
.  percentage  of  copper,  tbe  plan  used  at  the  old  works, 
ng  a  brick  flue  from  tbe  furnaces  to  the  top  of  one  of 
log  hills  and  there  erecting  a  stack,  was  adopted  and 
)n.  The  result  Is,  that  at  present  a  flue  giving  the 
sg  area,  and  a  stack  witb  the  greatest  capacity  yet 
giving  the  most  satlstactary  results,  and  the  old 
the  arsenic  ias  been  completely  overcome, 
the  accompanying  sketcbea  shows  the  arrangement  of 
larts  of  the  plant  and  tbe  flues  carrying  tbe  gases  to 
rhe  lengths  given  for  the  different  parts  are  horizontal 
s  and  do  not  denote  tbe  true  distances  the  gases  flow 
ig  the  stack,  on  account  of  the  slope  on  which  the  flues 

Blast  Furnace  F*lve, 

:lng  at  tbe  blast  furnaces  and  following  the  gases  as 
-they  are  conveyed  from  the  upper  part  of  each  fur- 
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Doce  (a)  Fig.  3,  to  the  duet  chamber  (b)  by  meana  of  &  Ox 
Bhonn  in  section.  Seven  of  these  flues  enter  Uie  dusl 
ber,  one  from  each  furnace,  and  they  are  all  provided  with  h 
B«  shown  at  di,  dtand  d„to  allow  for  the  dralnloB  off  of  a 
dust  that  mar  accumulate.  These  hoppers  are  opened  once 
week,  and  the  dust  found  Is  returned  to  the  furnaces. 

The  dust  chamber  Itself  is  3S  feet  wide  and  ZT5  teet  ion 
walls  ore  brick  with  steel  framing,  and  the  root  at  the  i 
time  is  constructed  of  steel  rails  placed  9  incb  centres,  wltb 
between  aa  shown  in  the  construction  of  the  roaster  flue  (F 
Cement  and  expanded  metal  have  been  tried  with  poor  resul 
former  being  acted  <in  by  the  sulphuric  acid  In  the  gases  to  si 
extent,  that  in  a  short  time  the  roof  became  unsafe.  In  all 
tbe  latter  method  of  construction  has  been  replaced  with 
bricks  and  mortar. 


Section    of 
Blast    Furnace    Flue 

The  chamber  proper  Is  built  about  9  feet  from  the  groun< 
admitting  of  a  means  of  drawing  off  the  flue-dust  into  car 
hoppers  g^,  g^.  g^  and  g^,  are  arranged  In  four  rows  lengthv 
the  chamber;  the  root  and  floor  are  supported  by  (our  k 
6-In(^b  cclumas  equally  spaced  acroHs  the  chamber  and  placed 
centres  for  the  length  of  the  structure.  (See  Fig.  2.)  Foi 
there  was  a  partition  at  right  angles  to  the  flow  and  extendi 
full  length  of  the  dust  chamber— Eave  for  the  openings  at  the 
thus  compelling  the  gases  to  traverse  a  considerable  distani 
fore  entering  the  flue.  On'  examination  it  was  found  that  pi 
ally  alt  the  dust  was  deposited  on  tbe  side  next  the  Inlet, 
the  time  of  the  construction  of  tbe  flues  tniB  partition  wi 
moved,  and  the  gases  now  pass  directly  to  the  flues,  (t). 

Flue  dust  accumulates  at  the  rate  of  from  60  to  TO  tons 
hours,  and  Is  the  coarsest  material  thus  obtained,  pieces  of 
and  limestone  being  abundant.  Assays  show  It  to  be  lower  li 
per  end  arsenic  values  than  that  from  the  other  chambers. 
dust  drawn  off  is  sent  to  the  reverberatorles. 
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of  a  greased  Iron  rod,  and  a  eample  taken  out  with  a  long  1 
scoop.  The  average  lor  the  blast  flue  was  two  Incbes,  a 
greatest  was  at  the  bends  where  tlie  dust  bad  drifted. 
samples  were  at  coarse  maCerlat.  coke  aad  limestone  being 
dant,  as  la  the  dust-chamber.  The  estimated  total  quantl 
773  tons  with  an  assay  as  follows. — 

ArsealouB  oxide l.&% 

Copper 1.*% 

Silver 6.8      oc.  per  ton. 

Gold ■ 0.036    

The  Telocity  of  the  gases  ^2,&42  feet  per  minute,  e 
volume   771,060   cubic   feet   per   minute. 

Drafts  and  temperatures  are  given  on  sbeet  A.  Inconsli 
In  the  temperatures  are  not  nDcommon,  and  are  due  to  the 
number  of  charging  doors  open  and  to  the  cbaoglng  coDdll 
the  furnace.  Plots,  as  In  the  accompanying  sheet,  have  bee 
showing  the  relation  of  draft  and  temperature  In  the  flue 
number  of  charging  doors  open. 

AS  a  means  of  regulating  the  current  la  the  flue,  two  d 
%■  inch  boiler  plate,  each  half  the  width  of  the  flue,  are  hui 
frame  at  (h).ng.  2.  These  can  be  lowered  at  will  to  cut  di 
cross  sectional  area,  but  at  present  are  kept  well  drawn  ou 

CONVEBTEK  Flltl 

Althotigb  the  amount  ol  sotiid  matiter  escaping  from  t 
rerters  Is  large,  only  a  small  part  of  It  Is  carried  into  the 
large  part  being  caught  In  the  boxes  placed  at  (a)  Fig.  6 
these  Is  is  shovelled  Into  cars  ihrougb  tbe  door  (b)  and  rei 
Into  the  converters. 

From  each  of  ihe  nine  boxes  (one  to  each  convertei 
flues  as  at  (c)  lead  to  the  dust  chamber  (d|  (size  3M'  x  38' 
latter  is  consitructed  on  the  same  plan  as  the  one  before  de 
and  the  dust  that  collects  here  Is  drawn  off  at  the  rate  of  1 
to  50  tons  per  day  and  sent  to  the  reverberator! es. 

The  flue  Fig.  7,  Is  the  smallest  of  ithose  described,  belt 
8  feet  wide  by  S  feet  high.  For  the  greater  part  of  its  leni 
roof  alone  Is  exposed,  this  is  constructed  of  steel  rails  placed 
centres  wkh  bricks  between,  a  sectional  view  Is  shown  in  1 

The  drafts  and  temperatures  are  extremely  variable,  a 
relation  of  the  former  to  the  number  of '  converters  .bloi 
shown  on  the  accompanying  sheet;  the  readings  plotted  weri 
in  the  flue  just  beyond  the  dust  chamber,  and  show  a  n 
temperaiture  of  263°  F.  The  Inconsistency  shown  at  the  tin 
22,  is  due  to  the  fact  that  the  two  converters  blowing  had  n 
time  to  warm  up  after  receiving  a  fresh  charge.    The  temp' 
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:er  flame  does  not  materially  increase  for  about  tea 
the  blowing  beglos,  but  from  that  till  the  time  of 
Taduallf  rlaea.  The  length  oC  the  Due  to  its  point  of 
that  from  the  roasterB  la  703  feet,  and  at  no  place  on 
lid  enough  dust  be  found  to  admit  of  taking  a  sample. 
s  are  hung  at  the  top  ol  tba  down-take  fro3)  thai 
as  In  the  case  of  the  Blast  Furnace. 

ROABTEB   Fl.CE. 

ing  at  Anaconda  la  done.  In  48  McDougall  Furnaces, 
rans  design,  placed  tour  abreast  in  a  buildins  SS  feat 
the  top  of  each  row  at  four  extends  a  ateel  flue  (a). 


Section    of 
Roaster     Flue  . 


ected  by  two  pipes  sb  at  (b)  and  (c),  to  each  of  the 
(d)  and  (e)  hoppers  are  placed:  the  ones  marked  (d) 
It  that  collects  into  the  discharging  hoppers  o.  the 
■he  ones  at  (e)  into  the  duat  chamber  ((),  The  latter 
Dg  and  3S  feet  wide,  and  is  constructed  like  the  one 
Bue.  The  amount  of  material  taken  out  per  day  and 
riquetting  plant  la  between  40  and  50  tons, 
ter  flue  has  the  same  cross  sectional  area  as  tbe 
%.  10),  and  ditters  from  the  latter  only  in  the  construc- 
Mf,  this  being  the  same  aa  that  described  under  con- 
be  latter  Joins  the  roaster  flue  at  a  distance  of  60 
:  dnst  chamber. 


?2    '  '    '  ' 
8=i   8.,i   if- 


hi  'I  'I 
k*  I*  If 
3-T    E'    I 


a<i      &S      1^^ 


Ij      1^      1^ 
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Owing  to  the  flnenesB  of  the  feed  and  the  nature  of  tb 
ment  a  great  deal  ol  material  escapes  from  the  turnacee 
depths  found  In  t^e  Que  varied  from  6  inches  to  4  feet,  : 
total  quantity  was  estimated  as  being  690  tons,  the  assay  ii 
and  arsealc  being  higher  than  that  given  for  the  dust  t 
blast  flue.  For  drafts  and  temperatures  see  sheet  A..  Tl 
fengtb  of  tbe  flue  Is  48S  feet,  the  velocity  of  the  gases  3,682 
min.„  and  the  volume  in  cu.  ft.  per  min.  =  843,208.  The  qi 
Include  the  gases  from  the  converter  flue. 

Reverb  EBA.TORT  Plue. 


This  differs  from  the  ones  previously  described  In  h! 
dust  chamber  at  tbe  beglnaing,  the  gases  passing  from 
ferent  furnaces  arranged  aa  in  Fig.  11  by  the  passages  marlct 




i 

V 

« 

t 

the  Stirling  boilers  at  (b)  and  (c).  and  from  the  boilers 
(d).  This  plan  of  using  tbe  heated  gases  for  the  purpose  i 
rating  steam  has  proved  a  decided  success;  one  fnmace  gl 
enough  heat  to  generate  800  H.P.  (700  H.P.  In  b  and  100  in  i 
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floor  (g).  There  the  dust  Irom  the  sixty  foot  Sue  la  stored 
(h)  preparatory  to  being  drawn  ofC  and  taken  to  the  brl^ 
plant.  The  dust  from  the  one  hundred  and  seventy  toot  Que 
direct  from  (g)  to  bins,  and  Uiea  to  the  charging  floor 
arsenic  plant.  Tbere  It  is  roasted  In  Bruckner  Furnaces  tbi 
muDlcate  with  condensing  chamtrera.  waste  gases  passing  1 
Into  the  sixty  foot  flue. 

Varying  depths  ot  from  six  Inches  lo  six  feet  of  dai 
found  In  the  flue,  the  aver&ge  oasay  "being  S%>  arsenlous  ox 
10%  copper. 

Velocity  of  gases  In  the  flue  is  about  1,300  feet  per  mlnv 
the  volume  211,268  cu.  tt  per  minute. 

Cold  air  Is  admitted  Into  the  flue  through  openings  as 
and  (e)  Fig.  1,  as  a  means  of  regulating  the  temperature. 
O.NE  Hundred  and  Twenty  Foot  Fi,lb. 

In  this  part  the  area  of  the  flue  last  described  is  d 
and  It  Is  really  a  flue  formed  by  building  two  slst 
flues  aide  by  side;  the  outside  walls  are  of  the  same  thlcknt 
the  partition  between  the  east  and  west  aide  Is  built  as  desci 
Fig.  14.  In  the  construction  of  the  roof,  however,  there  1 
cided  difference.  To  permit  of  greater  heat  radiation,  Ina 
brlcka  the  covering  la  1-8  Inch  steel  plate,  riveted  to  7"  1 
.  spaced  40-lncb  centrea.  These  are  supported  by  15-lncb  1 
which  as  in  the  sixty  toot  Que  rest  on  12-lnch  I  beam  co 
The  tuanel  and  baffle  waits  are  constructed  as  before  dei 
The  length  of  the  flue  measured  horizontally  Is  995  feet,  but 
to  the  difference  in  elevation  of  the  ends  (350  feet)  the 
length  Is  about  1,050  fest.  The  velocity  of  the  gaaea  la  aboi 
half  that  given  for  the  alxty  foo'.  flue,  and  the  drafts  an 
peraturea  are  on  sheet  A. 

The  flue  dust  b.ere  is  nearly  all  deposited  In  the  part  nt 
furnaces,  and  as  the  stack  Is  approached  the  depth  decrease 
on  the  last  few  sections  enough  could  not  be  obtained  to  i 
sample.  Lsually  the  copper  aaaay  la  lower  and  the  arsenlou 
slightly  higher  than  tor  the  sixty  foot  flue. 

The  two  tunnels  shown  In  Fig.  H  merge  Into  one  Just 
the  contraction  ot  the  flue  to  sixty  feet.  The  cars  are  worl 
cables  attached  to  drums  In  the  hoist  house  Juat  south  of  thi 
Fig.  1  a.  The  cables  are  wound  oa  the  drums  In  opposite 
tlons.  BO  that  when  the  shaft  revolves  one  car  goes  down  a 
other  up.  The  power  la  supplied  by  a  aaiall  electric  mob 
gravity  does  moat  of  the  work.  The  hoist  Is  run  either  e 
Biiteen  houra  per  day,  with  an  average  removal  of  five  cars  < 
per  hour. 

At  the  south  end  of  the  flue  is  the  three  hundred  foot  at 
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To  remedy  the  risa  in  temperature  in  tbe  floes  resnltlng  I 
exclusion  of  cold  air,  openings  mre  miLde  in  the  aides  of  < 
loot  flne,  and  at  tbe  preaent  time  sutBcient  cold  air  is  1 
these  places  to  heep  the  temperature  o(  tbe  one  hundred  an 
foot  flue  down  to  the  required  point. 

Flue  Velocities, 

The  matter  of  obtaining  correct  flue  velocltiea  was  one 
some  time  offered  considerable  difficulty,  as  an  anemomet 
not  be  used  on  account  of  the  temperature  and  dust-  Fin 
checking  tbe  pilot  tube  against  the  displacement  of  the  bl( 
reliability  wbb  established.  Since  then  an  exhaustive  set 
0:1  the  different  flues  hare  been  carried  out.  and  the  res 
talned  have  been  very  satiafactory.  The  ones  given  in  1 
going  arc  from  the  first  set  obtained. 

In  this  sketch  of  the  flue  system  at  Anaconda.  1  have 
tempted  to  give  any  figures  for  costs  since  these  can  be 
frcm  the  EngineETlng  and  Mining  Journal,  September,  19( 
with  the  methods  used  In  constructing  tbe  flues  and  stack. 


Effid  of  LMlut*    of  Air 

T'"' T     '"V  "  V"      r 
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?  Leaks  on  Chik.sey  and  Furnace  Dbaft. 

■  tlie  effect  of  leaks  In  a.  flue  upon  the  quantity 
;as  paaatng  through  the  furnace,  and  also  up  the 
erlmental  plant  was  made  of  iron  pipe,  as  Bbown 
sketch.  A  number  of  l-lnch  and  of  ■4-lDch  botes 
:he  Due.  A  keroseaa  lamp  with  Argand  burner 
iKce;  and  was  so  enclosed  that  all  of  the  air  pass- 
1  to  go  through  a  2^-lnch  Bl>r&m  anemometer,  as 
;aa  discharged  from  the  top  of  the  chimney.  Tbe 
the  lamp,  the  area  Of  the  intake  and  tbe  discbarge 
limner  were  tbe  same  lor  all  testa.        I^e  results 


e  closed    140  311°F    172^      iW      72op 


area..  19*         383°        108"  85'  69o 

B  show  that,  up  to  a  certain  point,  when  openings 
fine,  the  velocity  In  the  chimney  Increases,  but  be- 
lt decreases  again.  Every  opening  in  the  flue, 
jes  the  quantity  of  air  passing  througb  the  furnace. 
it  explanation  is,  that  with  a  tight  flue  the  open- 
i  furnace  are  too  restricted  to  pass  the  quantity  of 
9  temperature  conditions  are  capable  with  a  free 
a  certain  amount  ot  leak  the  temperature  condl- 
ifflclent  to  oarry  more  air  thin  can  pass  through 
be  excess  is  taken  in  at  the  leaks.  A  point  is 
however,  where  th'e  temperature  in  the  chimney  Is 
the  quantity  of  gas  previously  passed,  and  beyond 
)w  decreases. 

with  all  the  boles  In  the  flue  closed,  show  that 
was  a  Blight  leak,  amounting  (when  co-rrected  far 
approiimalcly  4%. 

itures  given  above  were  observed  at  about  two 
top  o(  the  Iron  flue.  At  the  bottom  the  temper- 
to  20°  less. 


DISCUSSION. 

Mr.  Clrkel  said  that  II  he  understood  the  paper  correi 
iBrge  part  of  the  flue  was  about  1,200  teet  In  length.  He 
to  ask  It  the  tunnel  was  constructed  under  the  flue  for  tb 
distance. 

Dr.  J.  B.  Porter  remarked  that  Mr.  MacDougall  had  d 
in  an  admirably  clear  manner  a  tremendous  piece  ot  work 
ha.d  treated  It  in  such  a  matter  ot  course  way  that  Bom« 
audience  might  scarcely  realize  the  scale  upon  which  it  h 
done.  The  paper  had  said  that  the  chlet  tunctlon  of  tbe  tui 
to  collect  dust,  and  It  would  be  Interesting  to  know  how  m' 
was  saved  In  this  way,  and  what  values  It  carried  in  dttterc 
ot  the  flue.  Apparently  it  averaged  about  10%  of  copper, 
doubt  a  small  amount  ot  precious  metal.  If  so,  the  yeai 
must  amount  to  a  very  great  tonnage  and  an  enormous  si 
values. 

The  author  had  not  said  anything  about  the  effect  ot  Ai 
flue  gases  upon  vegetation.  Dr.  Porter  remembered  the  pri 
which  a  lady  In  Anaconda  had  once  exhibited  a  few  teebh 
and  flowers  which  she  had  succeeded  In  growing  In  the  coi 
of  her  home.  Nothing  In  those  days  would  grow  at  all  unli 
tected  very  carefully,  and  the  Immediate  neighborhood 
smelters  was  converted  by  the  sulphuric  acid  smoke  into  a 
desert  The  effect  extended  to  a  considerable  extent  in  certal: 
tlons,  iieing  affected  by  the  prevailing  winds,  and  gard« 
farms  were  not  only  menaced,  but  destroyed.  One  ot  the 
tor  constructing  the  new  flue  was  that  It  would  Improve  i 
conditions  In  this  respect.  The  speaker  had  not  been  In  An 
since  the  completion  of  tbe  flue, 'but  remembered  seeing  boi 
about  a  model  garden  which  the  management  of  the  smell 
recently  established. 
1,  Mr.  MacDougall  replied  that  the  tunnel  was  constructed 

'  tbe  last  2,000  teet  of  the  flue,— that  la,  under  the  60  i  120'  fl 
their  whole  length.  In  regard  to  vegetation,  the  flue  had 
tbe  very  best  results,  and  complaints  had  almost  ceaaed  to  c 
from  the  farmers.  The  usual  effects  of  smelter  smoke  we 
somewhat  apparent,  but  trouble  from  arsenic  had  altogether 
although  this  element  had  heretofore  been  mt»t  troublesome 
model  garden  had  been  built  almost  at  the  toot  of  the  stac 
had  proved  thoroughly  satisfactory. 


THE  CENTRE  STAR  MINE, 
By  L.  Heber  Coi^,  S.  Can.  Soc.  C.  E. 

I. — SiTDATION   AND    SURROUnDIKOS. 

star  Mine  at  Rossland,  B.C.,  is  located  on  the  slopes 
iln  to  tbe  Korth-weat  of  the  elty.  It  la  bounded  on 
le  Le  Roi  Mineral  Claim,  on  the  nortb-weat  by  the 
1  Iron  Mask  Clalma,  the  north-eaat  by  the  Idaho,  and 
kst  by  the  Nickel  Plate  Claim. 

claim,  1,600  ft.  long  by  600  ft.  wide,  and  waa  located 

II. — Oeoloot. 

'  thia  mine  conslits  of  Iron  and  copper  sulphides 
alcopyrlte  and  pyrite,  accompanied  by  arsenopyrlte). 

valiw  Is  in  gold,  which  is  chiefly  carried  by  the 
ut  the  copper  makes  an  Important  addl'.lan,  and 
I  a  small  amount  of  silver  present. 

the  country  or  wall  rock,  I  take  the  liberty  to  quote 
■  on  "The  Ore  Deposits  ot  Rossland,"  by  Mr.  B.  B. 

e  area  of  the  claims  the  prevailing  rock  Is  evidently 
same  magma,  but  shows  innumerable  variations  In 
?  and  degree  of  metamorphlsm.  It  Is  mainly  com- 
;'o[:Ias3  feldspars  and  pyroxene,  generally  In  about 
ions,  but  towards  the  gabbro  area,  bodies  of  pure 
j  occasionally  encountered.  There  Is  usually  a  small 
orthoclase  feldspar  and  sometimes  hornblende,  and 
rs  have  noted  the  tact  that  these  appear  more  fre- 
'ds  the  west.  The  rock  appears  to  be  holocrystal- 
e  or  less  porphyritlc.  The  crystals  may  be  either 
r  as  large  as,  say  Qve  mm.,  while  one  or  two  mm. 
limit  The  feldspars  are  more  or  less  altered  to  a 
:elain-llke  appearance,  while  the  pyroxenes  are  par- 
rmed  to  fibrous  minerals  ot  the  uratlte  group.  In 
ed  places,  and  especially  within  th3  veins,  th9  rock 
xiloured  brown  from  microscopic  crystals  of  second- 

Tarylag  considerably  in  different  places,  specimens 
have  generally  been    determined    by  mlcroEcopical 
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•olBemn  as  auglte  porphyry,  and  it  certainly  beluagj 
"gabbro  group,  dUTering  tram  the  central  ars^  mainly  in  i 
"time  and  rate  of  cooling.  Broadly  speaking,  the  size  of  ( 
'  c°nds  to  increase  towards  this  area,  and  coarse  crystalline 
■•are  more  trequently  encountered,  while  In  the  other  direct 
"etructure  becomes  more  One  grained." 

■'This  country  roclc  is  cut  by  Innumerable  dikes,  which 
"JeiB  led  comparison  and  determination  by  the  microscope 
"(rally  speaking,  they  f.ppear  to  be  mica  t:ap9  (perhaps  ker^ 
"anJ  altered  basaltB  (perhaps  melaphyre).  The  IStter  an 
"greatly  decomposed." 

The  reins  vary  in  width  from  a  few  Inches  to  40  or  50  fe 
t-.e  pay  chutes  In  some  cases  extend  from  wall  to  wall,  w 
ethers,  only  parts  of  the  veins  are  enriched.  Sometimes  th 
are  very  Indlatlnct  and  the  valves  run  into  the  country  and 
ally  decrease  without  any  sharp  line  of  division  between  o 
country. 

The  mine  consists  of  several  veins,  either  extensions 
bordering  claims  or  else  ones  startlns  in  the  claim  itself. 
Afaln  Centre  Star  vein,  however,  and  the  one  in  which  most 
work  la  done,  is  the  large  Shear  Zone  Fissure  consisting  of 
lei  platings  of  the  rock  produced  by  shearing  under  high  cc 
Eion.  This  vein  runs  along  the  southern  slope  of  Red  Mi 
and  appears  In  the  Le  Rol  Mine.  This  vein  has  a  dip  ^ 
from  60  to  TO,  and  a  strike  that  is  approximately  N,  GS 
vjres  greatly  in  width,  and  Is  cut  by  a  large  number  of  dl) 

III.— StBPACE  Plant. 

As  the  Centre  Star  and  War  Eagle  Mines  are  under  th 
managsment,  the  offices  are  placed  bo  as  to  be  convenient  t 
The  office  building,  besti^es  containing  roome  for  the  genera 
worii.  has  draughting  rooms,  blue  print  room,  photograpbl 
room,  surveyor's  instrument  room,  and  the  private  oDBcea 
General  Manager  and  Superintendent  The  assay  office  1 
leniently  near  the  main  office. 

The  collar  of  the  main  shaft  Is  located  500  feet  from  tt 
end  line  and  225  feet  from  the  north  side  tine  of  the  claim 
th's  shaft,  is  erected  the  shaft  house.  The  hoisting  engli 
C  :nta:n:d  In  a  rcom  in  th?  hansing  wall  side  of  this  building 
the  part  back  of  the  shaft  Is  occupied  with  ore  bins. 

The  machinery  for  the  machine  and  timber  framing  sb 
driven  by  a  100  H.P.  Cross  Compound  Automatic  Cut  0 
Engine.  The  line  shaft  is  fitted  with  friction  clutches  a 
eafh  shop  can  be  operated  independently.  The  equipment 
machine  shop  consist?  of  one  28-inch  swing  and  one  IG-incl: 
rican  Tool  Company's  lathes;  one  26  by  36  inch  American  Too 
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the  direct  contact  of  the  air.  This  air  in  passing  freelj 
tte  tower  takes  up  much  ol  the  beat  of  the  water  and  t 
It.  From  the  cooling  tower,  the  water  returns  br  Era' 
SL'.tl  DK  tank,  rrom  which  it  is  again  handled  through  tbi 
ser  and  around  the  same  cycle  by  meana  of  the  pump, 
denser  1b  ot  the  Wheeler  Admiralty  surface  type.  All  Ce 
and  War  Elagle  compressors  discharge  into  a  common  s; 
that  anr  compressor  can  be  used  in  the  running  of  either 

IV.— Deveixiphest  Wobk. 

1.  iTMpnrdxff:— Prospecting  and  development  were  s 
tbe  usual  manner  on  the  Centre  Star  Claim.  TJie  ve 
exposed  by  surface  stripping  In  several  places,  and  pr 
shafts  wwe  sunk  on  the  veins.  Two  tunnels  were  run  1 
on  tbe  level  that  Is  now  the  second,  and  from  these  tunn 
pectlng  proceeded  by  means  of  cross-cuts,  drifts,  wlnies  a 
When  It  was  considered  that  the  mine  was  sufficiently  pr 
main  sbatt  was  sunk.  Work  on  this  shaft  proceeded  at  i 
terent  joints  simultaneously,  vli.,  sinking  from  the  surf 
Ing  from  the  second  level  and  sinking  from  tbe  second  le 
mine  Is  now  worked  entirely  through  this  miUn  shaft  T 
is  sunk  from  tbe  surface  on  a  level  which  is  called  the 
account  of  there  being  other  workings  above  it.  The  coll 
shaft  is  3,6Sg  feet  above  sea  level.  The  shaft  has  a  dip  oi 
Its  direction  Is  N.3S°  49'  W.  There  are  three  compartment 
which  are  used  for  skips,  while  the  third  Is  used  tor  a 
and  for  the  pipes  for  ventilatiou  and  compressed  air.  Ei 
partment  is  Ave  feet  square,  inside  meaeurement.  From  t 
eight  levels  are  being  worked,  varying  from  12S'  to  175' 
the  slope. 

At  each  level,  a  large  station  is  blasted  out  so  as  to  le 
to  handle  the  ore  Into  the  skips.  Just  below  each  station 
tocket  to  bold  ore  Is  cut.  These  are  made,  kj  that  -  b; 
a  gate  at  the  bottom,  tbe  ore  Is  allowed  to  shoot  straight 
Bklps  by  gravity.  From  the  station,  cross-cuts  and  dri 
been  run  in  different  directions  to  locate  and  work  the  or 

3.  Drifting: — Where  possible,  the  drifts  are  driven  a 
foot  wall.  Since  the  rock  Is  extremely  bard,  there  ds  n< 
tng  required  In  the  drifts. 

The  average  advance  per  round  of  holes  Is  4.5  ft,  wor 
machine  for  two  shifts  per  day.  Tbe  total  advance  for 
varies  from  70  ft  to  100  ft  The  grade  of  the  drift  Is  % 
cent,  and  the  drainage  runs  at  the  ends  of  the  track  tie; 
Ing  is  always  kept  well  In  advance  of  the  ore  extraction 
expose  new  parts  of  vein  for  atoping. 

Raising:— Th^  raises  are  put  in  at  irregular  dlstanc 
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\  are  usually  two  compartments,  one  a  man-way 

bute. 

he  back  In  TalseH,  a  temporary  platform  erf  eprags 

ank,  wlil£h  JB  pulled  down  I)etore  every  blast,  Is 

ea  bo  Btaud  on. 

rill  Wort::— Two  slsea  of  drills  are  used,  one  wlLti 

itslde  and  1%"  core  diameter,  and  the  other  wltb 

'  core  diameter.    The  machtnra  are  seldom  used 

three  hundred  feet  deep.  They  are  firmly  fas- 
s.  Compre£«ed  air  is  ueed  to  run  them, 
le  drill,  especially  tor  those  drifts  In  which  tram- 
an,  a  short  cross-cut  Is  first  blasted  out  to  give 
chine  to  be  operated  In  without  Interfering  with 
.  The  rods  are  square  threaded  and  are  In  5  ft. 
re  pulled  in  &  ft.  to  10  ft.  lengths  according  to 
ehind  the  drill.  These  rods  are  hollow  to  allow 
arced  through  them  to  the  bit,  but  are  of  smaller 

tban  the  core  barrel  to  which  the  bit  Is  attacbed. 
;th  ot  the  core  pieces  saved,  is  from  5  Inches  to 
n  the  (nil  length  ot  the  core  barrel  Is  kept  intact 

ines  are  acrew  fed  and  fitted  for  300,  TOO  and  1,000 
nch  of  advance.  Their  ordinary  speed  Ib  300  R. 
limum  of  1,500  R.P.M.  The  water  is  pumped 
rods  by  a  small  Independent  force  pump  run  by 
In  an  eight  hour  shitc,  the  average  progress  made 

of  the  core  are  broken  up  and  assayed,  after  a 
on  by  the  Superintendent. 

t  In  which  the  drilling  is  carried  on,  Is  very  hard, 
lined  to  be  reset  frequently.  Bach  bit  will  only 
before  resetting  is  necessary.    By  skillful  setting, 

for  a  new  bit  is  generally  avoided. 
I  stones  in  large  bits,  with  the  average  value  ot 
be  bit  has  a  fiat  cutting  surface,  into  which  the 
ik.  Two  smaller  ones  are  often  set  on  the  outer 
:eep  the  rod  from  sticking.  To  set  the  diamonds, 
id  Into  the  end  ot  bit  perpendicular  the  cutting 
lie  inside  and  the  other  four  on  the  outside.  These 
n  with  chiiaelB  so  as  to  fit  the  diamond  roughly 
lem.  Then  the  metal  (sometimes  a  piece  ot  cop- 
gradually  hammered  into  f  osltlon  so  as  to  enclose 

Die  Is  not  deeps  the  rods  are  pulled  by  hEtnd,  but 
I  ft.,  the  work  is  too  severe,  especially  In  putting 
rum  Is  then  used,  on  which  la  coiled  a  wire  rope. 
le  rods  can  be  handled  with  great  facility. 
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The  core,  after  It  bu  been  ezamlned  and  aampled,  le 
trays  and  vut  on  shelves  In  the  core-bouse  (or  tuture  i 
Ererr  core  drUled  in  the  mine  Is  kept. 

V. — Ohb  Extraction. 

1,  Stopino-— 

Xarrow  Slopfa:—A.  large  part  ot  the  working  conslsti 
row  fltopes  under  15  It.  wide.    Having  carried  up  the  rats 

dent  height,  stoplng  beglne  at  the  lowest  limits  of  the  pa; 
the  Btope  Is  driven  to  the  boundary  at  the  pay  chute. 
stullB  are  put  In  and  a  close  Qoor  or  lagging  Ih  spike 
stulls.    Sloping  above  the  floor  then  commences. 

The  broken  ore  Is  kept  up  close  to  the  face  so  ae  t 
footing  for  the  machine  men  to  work  from.  The  ore  that 
elide  by  gravity  Into  the  chute  Is  taken  by  wheelbarrows  o 
led  Into  wooden  troughs  that  lead  to  the  chute. 

When  the  pay  ore  begins  Just  above  the  drift,  a  ral^ 
kept  In  advance  of  the  atoplng.  since  the  whole  back  Is  w 
a  Btope.  In  this  case,  there  la  a  permanent  tight  floor  li 
the  drift. 

Wldf  Sfopet: — For  stopes  of  a  width  of  from  15  ft. 
square  sets  take  the  place  oF  stulls.  The  length  and  bi 
the  ore  body  Is  flrst  determined  and  the  sill  floor  Is  c( 
Breaking  down  tbe  ore  from  the  back  is  then  started.  Si 
in  wide  stopes  It  ts  necessary  to  use  a  tripod  if-or  moun 
machine  drill,  but  wherever  possible,  drill  bars  or  drift 
are  used.  These  are  set  vertically  between  the  back,  an< 
poiary  scaffold  or  pile  at  broken  rock  as  a  base,  and  baci 
Is  continued.  Enough  space  Is  always  excavated  above 
floor,  put  in  to  leave  room  tor  drilling  the  back.  For  a  c 
width  In  the  ore  body,  the  slope  U  extended  hy  attac 
hanging  or  float  wall,  or  by  leaving  out  as  many  sets  as 
sary,  according  as  the  vein  widens  or  narrows. 

2.  Drming:— 

DrillH  Msrrf:— Most  of  the  drills  are  3\i  inch  dlamete 
stroke.  Rand  Drills  of  the  Little  Giant  Type.  These  are 
slon  rivills  and  are  operated  by  compressed  air.  They  ai 
where  possible  on  the  drifting  columns,  which  can  be  braci 
Bides  of  tbe  drift  or  to  the  flor  and  the  back.  Where  tt 
this  is  Impossible,  a  drill  tripod  Is  used  which  la  supplied 
drill. 

The  drilling  steel  Is  diagonal  In  shape,  and  la  welded 
shank  of  steel.  These  shanks  vary  In  length  from  18  Incl 
[t.    One  shirt  of  eight  hours  will  dull  about  30  bits  for  each 
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1  one 
ft. 
: — These  are  iDctlne'd  at  an  angle  of  about  30°  ta  tbe 

y  the  back  or  roof,  so  as  to  kesp  the  bacX  at  the 
above  the  floor. 

«.— The  next  row  or  boles,  cilleJ  breast  holes,  la 
gtatly  off  tbe  borlzontal.  Just  enough  to  bold  water, 
reak  down  the  portion  Immediately  below  that  part 
t>ack  holee  are  placed,  so  as  to  relieve  these  upper 

-Below  the  breast  bole*  Is  aaofier  row,  placed  80 
a  at  about  an  angle  ol  45°.  These  are  the  cut  holea. 
Lbe  central  portion  oC  the  drift  so   as    to  allow  the 

act. 

he  two  hottom  -bolcG  aie  drilled  In  at  an  Incline 
as  to  form  a  wedge  shape  with  the  cut  holes.  They 
le  floor  on  a  level.  These  are  barely  water  holes, 
oles  In  each  row  are  inclined  either  to  tbe  left  or  to 
irding  to  which  sida  ithey  are  on,  la  order  to  keep 
n  even  distance  apart.    Where  the  drift  Is  required 

to  left  or  right,  all  the  holes  are  Inclined  In  that 
'ding  to  the  amount  required  to  turn. 

holes  in  raiitK  or  irinics:— ^Theae  holes  are  so  placed 
centre  cut  holes  are  blasted,  It  leaves  a  tree  area  for 
)  to  break  into.  Eighteen  boles  is  the  general  num- 
und,  three  In  each  line. 

similar  round  is  used  for  sinking,  with  the  except- 
entre  holes  are  more  inclined   to  each  Other  to  give 

power.  The  average  length  of  hole  is  from  G  ft.  to 
t  sinking,  a  great  many  more  holes  ara  used,  as  tbe 
ken  Is  generally  larger. 

Sloping: — The  holes  for  Sloping  are  so  placed  that 
iaklng  power  ot  ths  charge  can  be  utiliiel  The 
;d  horizontally  in  rows,  one  above  the  other. 
;— When  Eosaible,  ail  blasting  is  done  at  nlghl.  The 
L.m.  to  7  a.m.  are  set  apart  for  this.  Two  men  then 
;  for  the  whole  mine.  By  this  means,  the  mine  is 
ind  smoke  for  tbe  morning  shift. 
ised: — The   dynamite  used   Is  manufactured   by  the 
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HamlUon  Powder  Companr-  The  sticks  are  la  sixes  of  1 
and  %  Inch.  The  former  are  of  40i%  and  S0%  atrengUi,  wl 
%"  ia  of  60%.    The  different  grades  are  used  as  follows;— 

In  slopes 40%- 

DrlttB.. 4«%  and  60% 

Sbafta  and  raises 5&%  and  40% 

Use  60%  tor  cut  holes.  If  ground  Is  breaking  hard. 

The  60%  powder  Is  only  used  to  break  boulders,  and  wl 
hand  drill  steel  la  usad  to  drill  holes,  as  In  case  of  timberli 

The  average  charge  for  a  drift  round  of  10  to  12  holes 
90  to  100  sticks,  about  45  pounds. 

The  cartridges  are  put  Into  place  and  are  rammed  ii 
holes  by  a  long  wooden  pole.  They  are  then  tamped  wit 
muck.  A  long  fuse  Is  attached  to  the  outside  cartridge  I 
hole.  These  fuses  are  so  timed,  that  the  shortest  will  hi 
minutes,  thus  giving  the  men  time  to  get  Into  safety. 

In  drifts,  the  cut  holes  are  fired  first.  Then  the  treas 
and  litters,  and  last  of  all  the  ba^k  holes  are  fired.  Tbi° 
compllshed  by  shortening  of  the  fuses  ol  the  cut  holes.  In 
etc.,  the  centre  holes  are  first  fired,  then  the  following  r 

Slope  holes  (horizontal)  are  fired  one  row  at  a  time.  1 
then  charge  the  next  row  above  and  fire  that.  They  contlc 
until  the  whole  round  Is  blasted.  Similarly  in  shaft  slnki 
centre  tioles  are  blasted  and  the  muck  is  cleaned  out  bef 
next  row  Is  fired. 

Where  men  are  on  contract,  the  round  is  blasted  whei 
Is  ready.    The  blasting  Is  then  done  by  tbe  contract  men 

4.  Jfi'ctinp:— Wben  the  working  place  Is  clear  of  smo 
mupkins  of  the  ore  begins.  The  muck  is  loosened  by  pi 
Gbovelled  Into  small  cars,  which  are  then  trammed  to  th 
stalion  by  men.  No  horses  or  means  of  mecbanlcal  !ab< 
used  underground,  with  the  exception  of  on  the  second  lev 

Here  a  small  stationary  hoisting  engine  is  used  an 
out  eight  cars  at  a  time,  it  Is  impossible  for  this  to  be  ij 
m«n,  since  there  Is  a  heavy  grade  along  the  drift  on  a'ici 
the  drainage  being  towards  the  mouth  of  the  tunnel.  At  t 
tions,  the  ore  Is  emptied  Into  pockets  beneath  the  station- 
directly  Into  the  skips.  The  csr  la  dumped  by  hand,  the  1 
the  car  alone  dumping,  leaving  the  truck  on  tbe  track.  A  1 
the  back  opens  the  front  end  of  Ihe  car.  It  can  be  emptied 
dirtction  from  the  rails  on  account  of  the  tuni-tablemovem 
tween  the  truck  and  the  body  of  the  car. 

The  rails  are  16  lbs.  per  yard.    These  are  spiked  to  ties 
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Tbe  timber  Is  supplied  to  the  mlae  In  the  following  tot 

Square  Umbers:— 10'  x  10"  squaxe  by  16  It.  long.  Fir 
best  wood  tor  tbcse,  but  spruce  and  pine  are  aometimes  uaei 

Plantrs:— 3-lQcb  and  4-incb  x  16  ft. 

HliilU: — Tbese  are  logs  varrlbg  In  diameter  from  10" 
with  the  birk  removed  and  cut  into  lengths  of  about  16  ft. 

Lagying: — This  Is  small  round  timber  left  in  tbe  rough  i 
16  ft.  lengths.    Tamarac  is  what  U  generally  used. 

Adjacent  to  the  framing-shop  and  connected  with  It  by  t 
la  a  commodious  timber  yard.  The  timber  is  hauled  by 
along  the  road  on  Che  upper  side  of  the  yard.  Prom  the  wt 
11  is  rolled  down  sklda  and  piled.  When  required,  it  is  bi 
into  tbe  framing  shop  on  trucks.  The  swin^-saw  is  used  tc 
ting  the  timbers  to  tbe  requLrtd  lengths,  and  tbe  square  ti 
a:e  framed  by  tbe  timber-framing  machine.  From  tbe  tr 
shop,  tbe  timbers  ore  trammed  to  tbe  collar  of  tbe  sb: 
needed.  Fcr  lowering  tbe  timber  into  the  mine  tbe  ordinary 
are  generally  replaced  by  a  special  platform  timber  skip. 

In  the  shaft,  the  sets  run  &t  right  angles  to  the  dip, 
the  square  set  etopea.  tbe  floors  are  always  laid  level.  C 
other  hand.  In  the  narrower  stopes  where  atulla  are  used,  the 
placed  approximately  at  right  angles  to  the  walls.  Tbe  en4 
In  bitches  moiled  or  chipped  out  of  the  walla,  and  only  li 
cases  is  powder  used  to  cut  these  hitches. 

The  timbers  are  finally  firmly  wedged  Into  place  by  n 
wedges.  On  top  of  these  la  placed  ,Che  lagging,  so  as  to  t 
solid  Qoor.  Tbe  flooring  used  in  the  square  sets  is  3-inch  I 
Inch  planking. 

7.  Pumiting: — Tbe  water  encountered  Is  comparatively  sn 
amount  and  is  non-corrosive.  Three  pumps,  one  on  the  4th 
another  on  the  Sth  level,  and  tbe  third  In  the  sump  of  tbe 
are  sufficient  to  cope  wllb  all  tlie  water. 

A  large  new  pump  to  be  run  by  electricity,  Is  now  bell 
stalled  at  the  6th  level  station.  When  in  place,  this  pump  v 
the  pumping  for  tbe  whole  mine. 

The  drifts  and  cross-cuts  are  drained,  by  having  them  all 
10  the  Btatloua  of  tbe  shaft,  except  No.  2  tunnel  off  tbe  2nd 
which  Elopes  away  from  tbe  shaft  to  Ita  mouth. 

8.  Yittlilatiun-.—Tite  mine  la  provided  with  a  No.  *  1 
Blower  wiih  a  14"  delivery.  It  runs  about  8  hours  per  da: 
supplies  150,000  cubic  feet  of  air  per  hour.  U  is  driven  by 
H.P.  Induction  motor.  Tbe  blower  is  reverelbie  and  can  th 
used  either  to  force  fresb  air  Into  tbe  mine  or  to  exhaust  tbi 
air.  The  escape  of  compressed  air  from  the  working  drills 
assists  the  ventilation. 

The  air  is  blown  down  a  main,  set  In  the  ladder-way  ( 
main  shaft.    This  main  is  made  of  round  galvanised  steel  a 
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oldered  with  large  joints.  Branches  of  small  pipes 
at  each  levd  where  necessary  and  carried  along  the 
o  the  slopes. 

more  or  less  natural  veDtllation  either  up  or  dovrn 
e  to  its  connections  with  the  tunnels.  When  stopes 
iDd  from  level  to  level,  a  certain  amount  or  vetttlla- 
lecured,  but  when  these  are  not  completed,  artificial 
required.  Much  time  is  saved  by  this  means  of  ven- 
the  smoke  and  the  large  qnantiUes  of  poisonous 
il  hy  the  explosion  of  the  powder,  are  very  qTitehly 
r  the  reversed  blower  and  the  working  place  cleared 
can  be  resumed  very  soon  after  blasting. 
c— The  main  shaft,  stations  and  principal  tunnels  are 
electric  Incandescent  32  C.P.  lamps.  The  wiring  for 
iting  Is  carried  down  the  shaft  In  an  Iron  conduit 
ictlon  boxes  at  each  station.  The  wiring  is  so  ar- 
t  can  also  be  used  for  Bash  signals  It  needed. 
>»€«:— There  Is  telephonic  communication  between  all 
mine  buildings,  and  also  between  the  lower  mine 
the  shaft  house.  The  system  Is  private,  and  Is  so 
no  central  eichange  U  needed.  The  directions  for 
oUows : — 

trough  using  telephone,  place  plug  In  left  hand  soc- 
)u  may  be  connected  from  any  other  phone.  In  call- 
,  Insert  the  plug  In  the  number  required  and  ring. 
jiswering  ring  and  then  take  down  receiver  and  pro- 

): — Blectrtc  gongs  are  used  for  station  signals,  but 
used  to  move  the  skips.  Batteries  are  placed  on 
seventh  levels;  they  last  about  three  months  wltb- 
S  amp  son  cells  are  used. 

VI.— SUBVETINO   AND    MAPPINO. 

ork: — Except  where  very  accurate  _work  Is  required, 
3t  all  mine  buildings  Is  done  by  the  stadia  method, 
ork  Is  to  be  done,  a  transit  ani  binJ  taps  are  em- 
the  levelling,  ad  ordinary  level  Is  used.  All  eleva- 
ulated  from  the  B.M.  located  on  the  Bank  of  Mont- 
in  Rossi  and. 

nd  tcorit:— In  all  underground  work,  only  accurate 
done.  The  transit  (reading  to  minutes!  and  stsai 
.  entirely.  Survey  stations  are  set  at  convenient  in- 
i  mine.  These  stations  are  accurately  located  from 
the  shaft.  The  methods  then  employed  are  as  tol- 
ls are  placed  In  the  back  of  the  drift,  etc.,  by  drill- 
at  4"  deep  hy  2"  diameter.  Into  each  of  these  holes 
ed  a  wooden  plug,  which  Is    driven    level    with  the 
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bock.  Horsesboe  oallB  with  pierced  he&dg  are  placed  in  tbe 
so  aa  to  allow  of  plumb  bobs  being  bane  from  tbem.  A  brof 
with  the  number  of  the  station  on  It,  Is  fastened  beside  each 

Surity  of  adittnce: — the  advance  is  surveyed  twice  a  tr 
It  Is  talten  up  as  follows: — (See  diagram)  Transit  set  up  &t  St 
37.  Vernier  set  at  0°  B.S.  on  Station  33.  A  slgbt  Is  then  taki 
Station  SI  and  angle  read.  Angles  are  always  read  tvlc 
doubling,  as  a  check.  The  elevation  of  Station  81  Is  then  Ic 
by  means  of  a  button  set  on  piumb  bob  at  81  on  a  horizonta 
from  the  transit. 

Tbe  horizontal  distance  between  37  and  81  Is  meaaun 
nearest  bundredtb  of  a  foot  and  contours  taken  left  and 
from  line.  Tbia  operation  Is  repeated  at  81,  and  sight  la  tak 
face  of  drift 


."^<^ 
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h'lcation  of  square  art^: — Transit  set  up  at  Station  E. 
diagram).  Vernier  at  0°  B.  Sight  taken  at  Station  6.  an: 
angle,  turned  in  a  clock-like  direction  to  Station  19,  is  meas 
Elevation  of  transit  below  Station  5  is  measured.  Vertical  < 
set  at  0"  and  button  set  on  line  on  plumb  bob  at  Station  19,  I 
zontal  distance  between  Stations  £•  and  19  measured.  Trans 
then  set  up  at  Station  19  and  angle  turned  to  StaUon  20, 
Station  5  as  a  back-sight.  Station  20  is  placed  in  ttie  cap  o 
square  set.  the  same  distance  from  tbe  post  as  Station  19.  1 
ing  of  line  19-20  Is  iben  tbe  bearing  of  sguare  aeta. 

Slopes  not  having  square  seta  are  aurveyad  In  exactl] 
same  way  as  tbe  drifts,  except  that  a  longer  contour  rod  Is 
Where  the  walla  are  very  irregular,  sights  are  taken  on  dift' 
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e  transit,  and  angle  turned  la  read  and  the  distance 
rtie  transit  telescope  Is  never  plunged. 
of  bearing  of  D.D.  Ao(e»:— ^  enb-statlon  Is  located  oa 
be  drill  rod  In  tbe  same  way  as  a  station  is.  Transit 
IP  over  sub  and  sight  taken  to  collar  of  hole  with  the 
as  B.S.  The  line  from  sub  to  collar  U  the  bearing. 
ej  of  slopes  for  the  vertical  projection  Is,  In  the  case 
opes,  taken  up  with  the  transit.  Transit  Is  set  up  In 
ocated  from  the  nearest  station)  eo  that  the  back  can 
and  sights  taken  to  points  on  the  bacli  and  vertical 
□d  distance  measured. 

et  stopes  are  taken  up  with  a  14  tt.  rod  and  steel  tape, 
an  alwafs  be  reached  from  last  Qoor. 
rti— The  bearings  of  all  lines  taken  underground  are 
!rom  the  aslmuth  of  the  back  sight.    The  co-ordinates 
ns  only  are  worked  out  by  the  traverse  tables.      All 
are  plotted  from  tbelr  bearing  and  distances. 
iClng  maps  on  whlcU  all  underground  work  Is   plotted, 
I  convenient  scales.     In  the  general  plan,   all  stations 
rom  N.  and  B.  co-ordinate  lines.    The  vertical  section 
a  plane  parallel  to  the  dip  ol  the  shaft. 
il  maps  are  kept  of  eacb  level,  also  assay  sheets  on 
otted  all  assays  run.    Tracings  of  all  maps  are  made 
ting. 

VII.— AasATiNG  AWD  Saupi.inq. 

;— When  o:e  Is  loaded  on  cars,  it  is  sold  direct  to  the 
that  all  sampling  of  shipments  is  made  at  the  smelt;r 
I, 

Lples  are  taken  from  the  face  and  all  headings  after 
icept  where  running  through  known  country,  and 
lasional  earn  pies  are  taken. 

—The  samples  to  bs  assayed  consist  principally  of 
1  cores,  dally  mine  chip  samples  <and  smelter  controls. 
ck  is  kept  by  assaying  a  floor  sample,  as  well  as  the 
trol  on  each  shipment  lot.  This  floor  sample  is  ob- 
lows; — Wte^  the  last  cut  Is  made  on  the  sampling 
nielter  eampling  mill,  halt  Is  sent  to  the  smelter  ass-"-" 
e  other  half,  which  is  called  the  floor  eample  at  the 

directly  to  the  mine  and  Is  treated  there  exactly  as 
be  smelter  office.  The  smelter  sample  Is  ground  and 
;h  a  120  onesh  and  divided  Into  three  parts.    One  part 

the  smelter,  another  part  is  the  control  that  goes  to 
1  <tbe  third  Is  kept  for  umpire.  What  remains  on  the 
form  of  scales,  H  cupelled  separately  and  the  result 

pulp  assay  as  metalUcs.    The  mine  control  has  had 
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tbeee  metallica  extracted  from  It,  and  In  order  to  keeiji  a 
on  th;  metalllcs,  the  above  mentioned  floor  aample  Is  takec 
The  control  eamples  are  assayed  For  gold,  silver  and  c 
The  six  fusions  ol  one-halt  asaay  ton  eacb,  are  run  lor  goI< 
the  ave.-ase  taken.    The  flux  used  is  a  litharge  flux  as  folli 

Liitharge 70  grms. 

Soda  Bi-Carboaate IB  grms. 

and  enough  nitre  or  argol  to  give  a  20  grms.  button..  In  or 
determine  the  quantity  of  nitre  or  argol  to  add,  It  Is  necess 
run  a  preliminary  assay. 

The  smelter  uses  a  nitre  and  nails  .flux,  but  the  mine 
that  by  using  a  ditterent  flux,  it  can  obtain  closer  results  wi 
smelter. 

The  Iodide  method  Is  used  for  control  coppers,  and  t 
others  the  cyanide  method  Is  employed. 

VIII. — Water  Ststeu. 

A  very  complete  water  system  is  now  la  operation,  whicl 
plies  both  the  Centre  Star  and  War  B^le  Mines  witti  wat 

boilers  and  compressors,  and  also  tor  Are  protection, 
water  is  obtained  from  the  Centre  Star  Gulch  and  Is  handled 
No.  5  and  a  No.  6  high  duty  Camei^n  pump  and  a  Snow  £ 
pump.  The  water  is  raised  500  ft.  through  a  three  inch  pipe, 
feet  long  and  discharged  into  a.  30.000  gallon  tanh  beside  tht 
Eagte  shaft-house.  One  hundred  feet  below  this,  there  Is  ai 
30,000  gallon  tank.  On  the  slope  of  the  hill  above  the  Centn 
shaft-house,  there  is  a  third  tank  of  the  same  capacity.  It  li 
vlded  with  a  1,000  gallon  per  minute  Snow  Duplex  Underw 
Fire  Pump,  which  Is  always  ready  for  immediate  use,  using 
steam  or  air.  This  pump  will  give  a  pressure  off  150  lbs.  Ad 
sides  this,  there  is  at  the  level  of  the  com.pany's  oSces,  a  n; 
pressure  of  lUO  lbs.  at  the  hydrants.  The  system  has  2S  hyd 
plated  at  convenient  points  to  protect  all  the  buildings  of 
mines. 

Every  employee  of  the  company  is  put  through  a  Are  drill 
there  Is  a  regular  fire  department  in  connection  with  the 
apart  from  the  city  brigade. 

IX.— WOKKING    HOTJBB   AND   WAOES. 

Two  shifts  only  of  eight  liours  each  are  worked.  The  i 
Ing  shift  goes  at  7  a.m.  and  works,  with  an  hour's  intermla 
till  4  pm.  The  secanit  or  afternoon  shift  starta  at  1  p.m. 
with  an  hour  for  supper  at  6  p.m.,  works  till  I  a.m.  Two  men 
Ing  the  hours  from  1  to  7  a.m.,  blast  all  the  ground  drilled 
ready  for  breaking  and  turn  on  the  blowers,  thus  leaving  the 
free  from  smoke  and  ready  for  the  morning  shift. 
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le  of  wages  is  a^ollows: — 

laft  meft ...%  4.00 

achlne  men 3.50 

mbermen 3.50 

tickers 2.50 

irpenters 3.E0 

achlntets 4.00 

acksmltliB 4.00 

Helpers 3,00 

jlBtlng  engineers f 3.00  and  4.00 

•wder  sod  toal  boys 2.50 

rlace  labourers 2.60 

(ace  men  work  ten  hour  sblFts  with  the  exception  oE 
TB,  who  only  work  nine  hours,  and  hoisting  englneeTs, 
Ight  hours. 

tract  system  is  used  largely  In  tioth  the  development 
.  the  storing,  and  la  found  to  be  very  satisfactory, 
are  paid  for  the  amount  of  advance  made  In  the  form- 
engttas  of  tiolea  drilled  In  stoplng.  By  this  means, 
bat  the  drills  ere  used  to  better  advantage  during  tne 
ihitts. 

e  <s  shipping  steadily  every  diy  large  quaniltle!^  of 
to  the  Trail  Smelter,  and  also  during  this  last  sum- 
it  of  milling  ore  has  commenced  to  the  company's  new 


DISCUSSION. 

Mr.  Clrkel  remarked  tbat  It  bad  been  pointed  out  that 
In  tbis  mine  was  exceedingly  bard,  and  be  wUbed  to  ash 
were  any  Inforiiiation  available  with  regard  to  the  rate  ol 
He  had  noticed  from  the  photo  graphs  that  some  of  tbe  b< 
drilled  almost  horizontally,  others  Tertlcally.  He  would 
hnow  how  deep  the  diamond  drill  holes  usually  wi 
bow  many  feet  could  be  drilled  per  day.  He  had  bad  aomi 
ence  in  tbe  Rosslaod  district  with  ordinary  rock  drills,  : 
not  sure  that  they  could  do  more  than  Z5  feet  per  shift, 
would  be  Interested  to  know  wbat  was  being  done  at  tb 
Star  in  that  direction. 

Mr.  J.  Burley  Smith  asked  the  dip  of  the  vein.  In  th 
graphs  of  the  timbering,  be  bad  noticed  that  nearly  all  of 
were  vertical, — yet  be  thought  be  bad  understood  the  autbc 
that  the  sets  were  at  right  angles  to  the  dip.  Me  would 
know  why  there  were  no  diagonals  In  the  square  set  timber 
Bald  that  Judging  from  tbe  lantern  elide,  the  timbering 
weak,  and  that  In  bis  opinion  much  greater  strength  coi 
been  secured  by  making  the  timbers  perpendicular  and  pa 
tbe  dip. 

Replying  to  the  first  question  regarding  diamond  drill 
Cole  stated  that  the  drilling  ranged  from  8  to  12  fe«t  p 
While  he  was  at  the  mine  there  were  three  shifts  per  day, 
the  drilling  usually  amounted  to  about  21  teet.  With  al 
only  two  shifts  were  worlied  per  day,  and  It  usually  to( 
shifts,  or  about  a  day  and  a  halt,  to  drill  and  blast  one  i 
ten  holes,  with  an  average  depth  of  five  feet.  In  other  wc 
actual  drilling  was  at  the  rate  of  about  25  .feet  per  si 
remainder  of  the  time  being  spent  in  blasting  and  muckl 

In  regard  to  the  timbering,  the  paper  stated  that  the 
the  shaft  were  put  In  at  right  angles  to  tbe  dip  of  tbe  shaf 
was  approximately  that  of  tbe  vein.  In  the  narrower  6U 
sets  were  at  right  angles  to  the  dip  of  the  vein,  but  In  t 
slopes,  regular  square  set  timbering  was  used  in  floors  whi 
laid  on  tbe  level,  so  that  all  timbers  were  horizontal  or 
The  dip  was  about  TO  degrees. 

Dr.  J.  B.  Porter  said  he  could  conflrm  Mr.  Cole's  Bgur 
diamond  drilling.  Two  or  three  years  ago  be  had  been  sU 
accurate  Information  In  regard  to  diamond  drilling  In  t 
Eagle.  There  the  drilling  averaged  almost  exactly  one  1 
hour. 
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I  to  Mr.  Smttb,  Dr.  Porter  said  that  he  believed  tbe 

II  was  80  Btrons  that  do  great  strength  oC  tlmberinK 
17,  and  that  the  square  sets  were  ased  largely  tor  con- 
handling  tie  ore.    It  was  quite  true  that  the  timbering 

been  mucta  atronger  it  placed  perpendlDular  to  the 
It  It  was  strong  enough  as  It  was.  and,  ol  course,  lar 
nlent.      It,  however,  the  pressure  had  been  greater,  it 

been  necessary  either  to  change  the  direction  ot  the 
to  use  diagonals. 

lurley  Smith  asked  tor  the  dimensions  ot  timber  used,  Mr 
cost  ot  timbering  per  ton  of  ore. 

e  stated  that  the  large  posts  and  caps  were  10"  square,  ^r 
ne  of  the  timber  was  smaller.    Much  of  the  timber  was 
.han  once,  being  removed  from  a  stope  when  the  latter 
nd  set  up  In  another  place. 

^el  said  that  be  understood  that  the  shaft  sinking  wasur 
I  ot  TO  degrees,  and  that  work  was  done  at  three  places 
Id  the  author  mean  tbat  at  the  second  level,  they  both 
sank?      He  also  wished  to  know  whether  the;  left  a 
ien  the  two  sets  of  workers.       He  considered    It  very 

0  sink  a  shaft  under  men  who  were  raising,  unless  this 

le  replied  that  he  was  not    sure    whethe.-  a  pillar  had  mi 
.  the  Centre  Star  sinking,  but  at  the  War  Eagle  a  floor 
mberlng  had  been  used. 

'ter.  In  closing,  stated  that  the  usual    practice   In   the  O' 
sinking  a  shaft  in  which  work  was  going  on  overhead 
the  rock  pillar  or  pentice  referred  to  by  Mr.  Ctrkel,  and 

1  in  British  Columbia  and  the  western  part  ot  the  United 
a  very  strong  feeling  against  the  use  of  timber  protec- 
ir  as  RosBland  was  concerned,  he  believed  that  the  War 
the  only  mine  in  which  the  timber  pentice  or  bulkhead 
Bed  tor  this  purpose.  In  other  parts  ot  the  world,  how- 
ustom  was  quite  common,  and  there  was  no  reason  to 
le  safety  of  a  timber  bulkhead  it  it  were  property  bunt 
utly  cushioned  with  timber  and  flUlng. 

eterence  to  Hr.  Smith's  question  as  to  the  cost  of  tlm- 
Porter  said  that  Mr.  Cole  was  in  the  position  of  a  great 
uita  Toung  men  are  often  given  access  to  mines,  and 
I  given  everr  possible  facility  to  work  and  to  secure 
1  In  regard  to  mining,  but  they  are  naturally  expected 
ling  about  costs.  In  many  cases,  students  had  their  own 
1  the  economy,  or  otherwise,  ot  the  methods  they  were 
to  see,  but  under  the  circumstances  a  discussion  of  the 
always  a  delicate  matter,  and  In  some  Instances  permls- 
\i  the  mines  was  only  given  on  the  condition  that  costs 
be  given  out. 
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t  Further,  be  thought  tbat  Mr.  Smith's  criticisms  of  tt 
vagance  of  timbering  were  applicable  to  many  miaa! 
Rossland  district.  It  seemed  to  him  that  British  Colun 
copied  too  closely  the  practice  of  the  Butte  district  In  t 
place,  very  heavy  square  set  timbering  vas  used  very  [re 
as  the  majority  of  the  miners  in  Rossland  had  come  froi 
they  had  perhaps  unconsciously  got  Into  the  habit  of  using 
timbering  than  the  Rossland  conditions  necessitated. 
camps  tbls  tendency  had  been  corrected,  and  It  was  to  be  b< 
tonnage  costs  for  timbering  would  soon  be  reduced,  not 
Rosfland,  but  tn  many  other  placfs  in  the  West. 
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of  tbiB  road,  and  tbe  wonderlul  development,  la  which  It  v 
at  the  chief  factors,  scarcely  seeds  to  ha  dwelt  upoa.  Th< 
has  been  changed  from  a  bunting  etouoCI  to  a  national  and 
national  wheat  field  and  stock  farm,  and  the  commercial 
tance  of  Canada  has  b^en  Increased  from  little  more  than  an 
tatlon  of  necessities  till  it  has  become  a  factor  In  the  mai 
the  world. 

Settlement  at  first  naturally  kept  near  the  railway,  but  : 
expanded  beyond  this,  following  the  fertile  river  valleys. 
time  to  time  branch  lines  were  sent  oO  to  Include  the  settU 
but  even  with  these  the  railway  accommodation  is  InsuSlc: 
meet  tbe  increasing  demand,  and  trafilc  is  each  year  bei 
more  and  more  congested,  till  tbe  appeal  for  additional  me 
transportation  has  aroueed  interest  all  over  tbe  country. 

Tlie  commercial  poBsibllitleB  which  this  condition  of  tre 
tatlon  offers  have  not  been  overlooked  by  private  compamit 
during  the  last  tew  yeirs  several  schemes  have  been  fom 
providing  additional  outlet  for  tbe  produce  of  tlie  West.  II 
these  that  public  Interest  is  now  centred. 

It  is  generally  considered  that  there  must  be  another 
line  to  connect  tbe  producing  centres  ol  tbe  prairies  to  tb 
water  in  the  Bast.  The  two  salient  ideas  are:  that  It  I 
cluElvely  on  Canadian  territory,  and  that  it  should  affo 
cheapest  poasible  route  to  tbe  ESist  for  the  produce  of  the 
■     The  subject  may  be  considered  under  tour  heads:  — 

(1)  The  possibilities  of  our  waterways. 

(2)  A  railway  owned  and  operated  by  the  Govemmi 

(3)  A  Government  owned  railway  leased  to  a  prlvati 
pany. 

(4(  A   railway  built  by  a  private  company,  subsidl; 
otherwise  aided  by  the  Government. 
We  have  now  tbe  main  elements  of  the  problem,  let  u 
sider  in  detail  tbe  various  schemes  offered  for  Its  solution. 

(1)  The  Possibilities  op  otra  Watebways. 

It  is  the  opinion  of  many  tbat  grain  will  always  seek  a 
rouie  in  preference  to  railway  and,  therefore,  with  the  wat 
facilities  olfereil  by  tbe  great  lakes,  St.  Lawrence  and  C 
River,  it  would  be  folly  to  build  the  difficult  and  expensive  P 
of  the  route  eastward  oI  Port  Arthur.  Undoubtedly  the  ' 
route  has  many  advantages,  but  it  Is  seriously  handicapped  < 
count  ot  the  season  of  navigation  being  so  limited. 

The  Government  has  appointed  a  transportation  comm 
to  Investigate  fully  the  possibilities  of  the  various  water-r 
This  commission  is  beaded  by  Sir  Wm.  Van  Horn  and  coi 
men  of  experience  in  both  shipping  business  and  practical 
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should  be  of  value  lu  sltowlng  the  condition  and  pos- 
lur  waterways. 

(2)  A  QovEBNUENT  Owned  Railway. 
e  many  arsumectB  tor  and  against  railroads  ownea 

by  the  OoveTnment.  Many  point  to  the  Intercolonial 
the   ImposBlbility    or*  a    Qovernment    railway    being 

commercial  success,  but  this  contention  ts  Invalid 
ercolonlal  was  not  planned  to  pay.  It  was  built  tor 
ons.  which  thoug'h  maklag  it  a  national  benedt  violated 
ntlals  of  railway  construction  by  talcing  the  longest 
.te  between  the  terminus.  No  such  handicap  need 
ovemment  extension  to  the  PaciBc.  Moreover,  if  the 
does  not  pay  in  actual  revenue.  It  does  in  commercial 
)  the  public  by  keeping  rates  low.  This  latter  consld- 
le  ot  tremendous  Importance  In  connection  with  an 
lUway  accommodation  tor  the  North  West  wheat,  for 
t  ot  the  West  is  largely  controlled  by  the  profit  de- 
'oduce,  and  this  is  influenced  to  a  large  extent  by  the 
portatlon.  The  age  ot  low  rates  resulting  from  rall- 
paat  and  now  comblnatloa  of  Interests  ia  Inevitable. 
,11  legislature  stipulations  will  be  evaded  and  res  trie- 

aiderlng  the  practical  side  of  the  Bcbeme,  we  are 
question  ot  "How  Is  the  Government  prepared  ito 
:h  a  scheme?"  We  could  scarcely  ask  tor  more  ad- 
)nditiona.  We  already  possess  a  Government  railroad 
ern  seaboard  in  the  Maritime  Provinces  to  Montreal. 
irtant  link  could  probably  be  obtained  In  the  Canada 
say,  thus  bringing  it  one-lblrd  of  the  way  across  the 
tyond  thlB  there  would  be  an  option  ot  a  water-route 
arbor  to  Port  Arthur;  or  a  western  extension  througb 
intry  north  ot  Lake  Superior,  which  is  of  little  value 
amberlDg  and  mining.  From  Port  Arthur  to  the 
>t  lor  small  sections  the  line  would  be  In  a  producing 
■ying  value,  and  would  probably  pay  for  Its  construe- 
years'  time.  The  extension  to  the  Pacific  should  be  a 
oent.  Thus  we  see  that  a  railroad  built  by  liie 
It  efficiently  handled,  would  In  a  short  time  be  re- 
national  burden  to  a  source  of  revenue,  or  at  least  a 
ncern,  while  at  the  same  time  providing  reasonable 
rates  for  tralllc. 

'T  Operated  by 

!  la  favorable  in  many  respects,  being  the  mean  be- 
ment   railway    and  a    private    railway  assisted    by 
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the  Government    The  portion  of  the  route  which  would  b 

and  cofit  least,-  1b  that  through  Iba  prairie  region.  If.  th 
the  Government  were  to  provide  an  open  highway  betwee 
water  In  the  Bast  and  the  eastern  tK>rder  of  the  great  wh( 
ducing  district  (some  point  near  Lake  Winnipeg),  and  a 
panles  satlEFylng  certain  conditions  were  permitted  to  use  1 
companies  building  the  lines  through  the  prairies  as  com 
undertakings,  many  of  the  dlffleultles  would  be  elimlaatE 
the  problem.  The  Government  road  should  be  double  tra 
give  the  necessary  accommodation.  This  would  provide 
tor  western  produce,  which  would  be  gathered  in  by  the 
lines  operating  in  the  West,  and  brought  to  certain  defloi 
at  flied  transportation  rates,  of  which  the  Government  wou 
absolute  control.  This  arrangement  would  anawer  most 
ments  satisfactorily.  The  West  would  In  time  have  the  n 
tranaportatlon  facilities  and  reasonable  rates  insured.  An 
Canadian  terminus  could  also  be  guaranteed. 


Recent  developments  have  shown  that  this  Is  to  be  •■ 
come,  therefore  a  careful  examination  of  the  various  sche: 
be  interesting.  When  the  problem  came  before  the  Gov 
three  concerns  were  seeking  aid  towards  a  tronscontlnen 
way.    There  were,  In  order  of  precedence: 

<1}  The  Mackenzie  and  Mann  or  Canada  Nortben 

(2)  The  Grand  Trunk  Pacific. 

(3)  The  Trans-Canada. 
The  Canada  Northern.— 

The  Canada  Nortbern  is  not  a  new  scheme,  but  one  w 
been  growing  and  spreading  for  the  last  few  years.  The 
system  consists  of  several  branches  running  west  from  V 
and  a  line  connecting  Winnipeg  and  Port  Arthur  and  passi 
of  the  L,ake  of  the  Woods.  Maritime  connections  have  be 
by  traffic  arrangements  with  the  Canada  Atlantic  Railway  i 
land  Steamship  Line  and  the  purchase  of  the  Great  North< 
way.  By  this  agreement  the  Canada  Northern  handles  t 
and  other  produce  of  the  West  as  far  as  Port  Arthur,  wl 
taken  over  by  the  Canada  Atlantic  lake  steamers  and  ce 
them  to  Depot  Harbor.  Here  it  Is  transhipped  into  the 
Atlantic  cars  and  carried  thence  via  the  Canada  Atlantic 
and  Great  Northern  Railway  to  Quebec,  and  shipped  abroa 
Leyland  steamers.  By  the  arrangement  this  steamship  11: 
far  as  possible,  to  bring  a  return  cargo  which  can  be  can 
the  same  route.  Thus  It  Is  In  a  position  for  immediate  ( 
to  assist  in  relieving  the  strain  In  the  grain  traffic  and,  t 
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e  prlvats  claims  o:  the  conpaar.  It  li  la  ths  laterejt 
'  that  It  should  be  yushed  westward  with  all  possible 
country  It  eaters  is  Immediately  brought  Into  direct 
th  tidal  water  In  the  Elast. 
»ra  system  with  its    proposed    exteoslon    ia  as  tol- 

inlpeg  It  proceeds  westward  in  three  branches,  one 
'Weet,  passing  west  of  Lake  Wlnnlpegosls,  and  turns 
iibout  S3°  north  latitude.  This  line  is  constructed  as 
1  Deer  River  with  an  Immediate  destination  ot  Prince 
proposed  extension  to  Edmonton,  The  second  line 
rom  this  about  seventy-Hve  miles  west  of  Winnipeg 
ectly  towards  Edmonton,  having  about  flCty  miles 
rbe  third  line  runs  southward  from  Winnipeg  tir. 
.lies,  and  thence  westward,  dividing  Into  two  bran- 
ich  going  to  Hartney  and  the  other  to  Brandon.  It 
hat  here  is  the  nucleus  of  a  comprebenalve  system 
h  o(  the  fertile  belt  now  without  an  outlet. 
m  expansion  la  flrst  to  Bdmouton,  and  from  there  it ' 
approaches  to  the  Pacific  Coast;  ona  by  the  i'lne 
1  Skeena  to  Port  Simpson,  and  the  other  by  the  Yel- 
i  and  the  Eraser  River  to  Bute  Inlet. 
:n  division  Is  from  Port  Arthur,  passing  north  of 
.  touching  at  Sault  Ste.  Marie  and  proceeding  north 
lay  to  Gravenhurst.  Extension  beyond  this  would 
Rected  by  the  Canada  Atlantic  Railway  and  the 
n  Railway.  This  completes  a  brief  examination  or 
trthem  as  It  Is  and  Ita  proposed  extensions,  but  be- 
ig  the  details  ot  the  route,  let  us  pass  on  to  tha 


unk  Pacific  Railway. — 

I  scheme  which  1b  at  present  engrossing  the  Interest 

The  platform  held  by  Its  promoters  is  In  the  main 
eals  to  the  people  as  a  promising  agent  for  develop- 
^est  and  relieving  the  present  congestion  of  traffic. 
le  detailfl  are  unsatisfactory,  and  there  Is  the  Invarl- 
nterests  ot  different  sections  of  the  country,  which 

In  launching    any    enterprise    of    such  magnitude. 

appeals  are  the  development  of  the  West  and  the 
Canadian  seaports,  and  it  should  be  assured  that 
it  of  the  Weat  be  turned  as  far  as  possible  to  the 
nprorement  of  our  seaports. 

;  the  scheme  from  a  practical  standpoint,  we  find 
:e  that  the  Orand  Trunk  PacIDc  has  the  moral  and, 
tent,  the  Unanclal  backing  of  the  Grand  Trunk  eys- 
Ing  U  a  substantial  character.    The  portion  ot  this 
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railroad  tbrougli  the  prairie  region,  ta  the  one  ol  grentei 
mercial  value,  In  fact  tbe  prime  cause  of  Ita  construction 
proposed  to  locate  it  in  a  talrl;  straight  line  between  W 
and  Edmonton,  passing  through  Saskatoon.  This  line  Is 
callr  parallel  to  the  Canadian  Northern's  proposed  western 
sicn  Undoubtedly  the  country  passed  through  is  or  an  e 
producing  quality,  but  it  is  doubtful  whether  lor  the  pre 
least,  there  is  a  demand  tor  two  railways  so  close  to  one  i 
There  are  two  approaches  to  the  Pacific  Coast  proposed, 
the  Y«llowbead  Pass  to  Bute  Inlet,  and  the  other  passing  i 
this  with  the  option  of  the  Pine  and  Peace  River  Passes  i 
the  coast  at  Port  Simpson,  and  sending  oS  a  branch  to  E>a' 
is  claimed  that  the  country  entered  by  this  northern  br 
•  of  good  producing  qualities,  and  the  seaports  are  good,  tho 
approaches  are  difficult.  Thus  the  Pacific  section  of  th 
would  open  up  new,  and  it  is  claimed  fertile  territory,  am 
a  new  Pacitic  seaport. 

Tbe  eastern  portion  of  the  route  is  the  one  which  bas 
most  difficulty  In  locating,  PYom  Winnipeg  to  Port  Artbi 
are  difficulties  of  engineering  only  to  bo  overcome.  Bu' 
want  the  rail  route  to  end  here,  and  proceed  eastward  by^i 
route.  This  view  is  overruled  by  the  "All-rail"  supporte 
propose  proceeding  eastward  by  a  route  north  of  Like 
and  malting  the  Port  Arthur  line  merely  a  branch  from  tl 
line.  Tbe  line  would  pass  through  Mattawa,  and  thence  d 
Quetiec.  This  portion  of  the  route  would  pass  throng 
country  in  Northern  Ontario  and  Quebec,  now  comparative 
known  and  thinly  settled.  Reports  of  various  exploration 
that  The  land  is  of  good  quality,  well  watered  and  containii 
va'ualjle  timter  and  rich  mineral  deposits. 

Quebec  would  be  tbe  summer  terminus  of  the  road. 
transported  material  would  be  shipped  abroad.  Thus  far  t 
out  the  whole  line,  although  there  baa  been  difference  of 
there  has  been  no  serious  objection  to  any  part,  but  the 
from  Quebec,  the  Bummer  terminus,  to  a  winter  one  in  tl 
lime  Province,  has  bepn  the  subject  ol  bitter  contention, 
first  place  the  Intercolonial  connects  Quebec  with  the  variou 
time  ports,  but  it  la  claimed  that  Its  location  is  such  as  i 
it  unfit  to  form  part  of  a  transcontinental  system, 
to  a  certain  extent  true,  but  nevertheless  the  physicil  feai 
the  region  render  it  imcossiljle  to  sboilen  the  line  to  an 
extent,  at  the  most  250  miles,  and  It  would  be,  therefore 
cally  parallel  to  the  Intercolonial,  killing  the  little  traffic  i 
now  possesses.  Thus  when  all  considerations  ire  examii 
nature  of  the  traffic,  the  possibilities  of  the  Iniercolonial 
season  of  operation  to  the  Maritime  Provinces,  it  must  be  a 
that  the  construction   of  the  portion  of  the  line  between 
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taould  not  be  undertaken  without  a  most  careful  in 
id   examination  of  tbe  engineering  features  to    b 

brief  reEumfi  of  th^  ecbeme,  showing  generally  It 

ties  and  obJectloDS.    Let  us  now  glance   briefly  c 

osltion. 

ada.— 

wltlon  has  now  practically  ceased  to  eiiet  lor  tb 

]t,  but,  nevertbeleas.    It    possessed    some  promlaln 

mlgbt  warrant  its  reconsideration  at  some  futur 
ite  proposed  Is  strikingly  original,  and  tbrougbou 
lurse  located  tbrough  country  practically  unknow 
!d. 

t  Quebec  U  fitrtkes  nortb-west  to  St.  John  Laki 
at  {about  Cblcoutlmi)  it  extends  directly  westwar 
y  unbroken  line,  passing  nortb  of  Lake  Winnlpet 
tbem  Saskatchewan  and  Soutbern  Atbabaska,  an 
ckiea  by  Pine  River  Pass,  reaching  the  Paclflc  Coa; 
on.  Aa  an  agent  for  developing  the  country,  sue 
be  of  the  greatest  value,  but  Its  commercial  possi 
be  very  uncertain,  and   It  would  require  years  c 

development  before  Its  tributary  country  would  b 
)ndltlon.    However,  some  such  railway  may  be  th 
ure  growth, 
ng  these  railways  the  chief  points  to  be  consldere 

leral  comniercial  facilities — country  opened  up,  set 

leal  considerations  that    is    the    conditions  tendln 
cost  of  transportation  to  a  minimum. 
iglneering  practicability. 

at  the  country  requiring  an  Increase  of  transports 
moat  urgently.  Is  that  between  Winnipeg  and  Bd 

of  the  Canadian  Paclflc  Railway.  About  80  pe 
listrlct  Is  an  excellent  quality  of  cereal  producln 
with   the    exception     of    the     branches    to   Yorktoi 

Prince  Altiert,  It  possesses  no  means  ol  export,  an 
lae  been  little  opened  up.  This  district  snoulc 
be  immediate  consideration.  The  Canadian  Norther 
itered  this  region,  bringing  with  it  an  Increase  1 
i  E^rlcultural  activity.  It  has  been  granted  a  guai 
ada  amounting  to  (13,000  a  mile  lor  the  extension  c 
monton,  a  distance  of  from  600  to  700  miles  of  con 
;  Orand  Trunk  PaclDc  also  enters  this  region,    TUu 

centre  of  the  fertile  belt  would  be  supplied  with 
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compretienBlTe  system  ot  trains  to  whlcb  eubsldiarr  Un 
ce  added  as  required.  Tbere  1b  a  considerable  area  to  the 
mis  wblch  Is  claimed  to  bs  eicetlent  produclag  country. 
lUtle  settled  and  without  an  outlet  This  would  be  parti; 
up  by  the  proposed  Trans-Canada.  Thus  we  see  that  as  fi 
West  Is  concerned  there  la  room  for  all  three  railways  tc 
Che  necessary  trans  portion  on  facilities  for  the  full  dereloi 
western  Canada.  Nevertheless,  It  would  be  advisatile,  thi 
pressing  demand  Is  from  the  centre,  It  should  be  conslde 
and  as  settlement  extended  northward  the  railway  accomi 
could  be  increased. 

Eastern  Canada  would  be  benefited  by  an  Increase  < 
portatlon.  It  is  particularly  well  adapted  for  this  natara 
rivers  possess  almost  unlimited  water-power  which  c 
utilized  for  driving  flour  mills,  etc.  Its  many  natural  1 
render  access  to  such  points  comparatively  easy.  Thus 
continental  railway  would  develope  the  producing  ! 
Western  Canada  and  advance  Industrial  and  commercia 
tbe  B^t.  Much  of  the  good  to  be  derived  from  such  b 
would  not  be  an  immediate  consequent  to  its  construction 

The  eastern  terminus  la  one  ot  tbe  vital  questions  of 
blem.  In  the  (iret  place  it  should  be  a  Canadian  port, 
should  be  insured  by  talcing  advantage  of  our  geographic 
'and  not  by  legislature.  Traffic  will  seek  the  shortest  and 
route,  and  any  attempt  to  divert  It  into  unnatural  chani 
be  detrimental  to  trade.  The  Canadian  eastern  sea' 
peculiar  as  regards  maritime  ports.  The  north  eastern  p 
Inaccessable  and  unsuitable  on  account  of  the  Arctic  curre 
St.  Lawrence,  though  presenting  exceptional  advantages  I 
mer  traffic,  is  not  available  during  the  winter.  This  redu< 
tbe  ports  of  tbe  Maritime  Provinces,  but  here  the  approact 
cult  and  lengthy  owing  to  Irregular  physical  features.  ' 
principal  ports  are  Halifax  and  St  John.  They  both 
natural  advantages,  but  are  not  yet  equipped  with  adeqi 
minal  facilities. 

The  question  of  the  eastern  seaport  will  probably  be  si 
making  Quebec  the  summer  terminus,  and  Halifax  or  St.  . 
both,  the  winter  shipping  port.  Sucb  an  arrangement  shon 
aatlEfactory  when  fully  equipped  with  elevators,  docks,  el 
in  comparison  with  American  ports.  The  Chlet  danger 
score  la  with  the  Grand  Trunk  PaciHc.  as  the  Grand  Tmi 
way  already  possesses  a  Hue  from  Montreal  to  Portland, 
which  it  has  equipped  for  handling  grain,  and  It  will,  tl 
be  difficult  to  keep  the  Grand  Trunk  grain  traffic  from 
now  Its  natural  channel.  Another  consideration  in  coi 
with  the  eastern  seaport  fs,  tbat  by  shipping  from  a  Canad 
and  keeping  on  Canadian  territory  the  "Bonding  privllet 
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done  away  with.  Tbere  Is  one  more  question 
transportation  ot  grain  acroaa  the  continent.  it 
iree  or  four  days  to  make  the  trip,  wllb  probably 
evatora  at  th«  terminus.  It  has  been  found  by 
the  more  shaking  about  that  It  receives  the  better 
ol  the  grain.  This  has  been  one  oF  the  strongest 
ror  of  the  water  route,  and  It  has  been  considered 
^nt  ground  for  saying  thst  grain  will  always  seek 
itber  than  an  "all-Tall"  trausportatiop 
leal  considerations  which  regulate  the  cost  ol 
re: — 
lire  of  the  road-bed-curves,  grades,  etc. 

of  construction  and  operation. 
)  for  handling  grain  at  the  terminus, 
it  considerations  in  constructing  a  railway,  are  the 
tlon  and  the  coat  of  operation,  and  the  engineer 
lave  to  pursue  a  course  intermediate  between  too 
ion  and  too  difficult  operation.  The  two  prime 
ruction  and  operation  are  the  grades  and  align- 
!  are  tbemselTes  often  opposing  factors.  It  Is, 
lal  that  the  proposed  route  be  thoroughly  InvesEi- 
to  procure  a    uniformly    feasible    and  satialactory 

utmost  Importance  that  the  centres  In  the  West 
s  in  the  Kast  be  adequately  supplied  with  terminal 
I  Is  an  Important  factor  In  the  cost  ot  trausporta- 
low  an  opportunity  for  the  Oovernment  to  assume 
jortatlon  rates.  The  present  policy  Is  to  put  on  es 
^Bc  can  stand,  in  consequence  of  which  Canadian 
three  times  what  American  railroads  are  charging, 
lay  procure  large  dividends,  but  It  is  injurious  to 
large,  and  Western  Canada  In  particular.  We 
es  based  on  the  actual  cost  of  haul  from  the  mar- 
consider  the  engineering  aspect  of  the  problem. 
divided  Into  four  divisions  of  distinctive  physical 


height  ot  land. 

prairies  of  Western  Canada. 

mountains  of  British  Columbia. 
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thus  ueceBBltatlng  beavy  work  or  lengtbeDing  tbe  line; 
alternatLve  Is  the  more  practicable.  Tbe  passage  of  the 
reace  will  probably  be  made  br  the  Quebec  bridge  Dow  t 
Btruction.  Between  Quebec  aad  Mattawa  tbe  proposed 
north  ol  the  more  settled  districts,  and  passes  tbrougt 
rough  and  varied  country.  In  general,  therefore,  tbe  rout 
Eastern  Canada  will  be  determined  more  by  commercial 
glneerlng  considerations. 

(2)  Tbe  passage  of  tbe  divide. 

This  region  is  composed  ot  a  great  belt  of  arcbean  re 
starts  Id  Labrador  and  sweeps  westward,  passing  north  o: 
lakes  and  extending  into  the  United  States.  The  eastei 
of  this  belt  is  of  considerable  width  and  very  aggressive 
The  country  is  rough,  but  attains  no  great  height  and  is 
ized  by  great  abundance  of  lakes  and  streams.  Proceed 
ward  tbe  belt  becomes  more  concentrated  and  dlBt< 
where  It  skirts  the  north  shore  of  Lake  Superior  It  Is  a  : 
of  bluCFs  and  ridges  Intermingle]  with  ertenalve  muskei 

The  difficult  undertaking  of  constructing  a  raliroai 
this  country  may  be  avoided  by  utilizing  the  water-rout 
by  the  great  lakes,  but  this  being  available  only  in  s 
not  altospther  satisfactory.  The  eneineers  laying  out  the 
Paclflc  Railway  decided  to  follow  the  Lake  shore  as  Fa 
Bible,  but  this  route  Introduced  dlfflcnlties  which  could  J 
avoided  by  passing  further  Inland.  The  road  had  to  be  ci 
over  the  necka  of  tbe  larger  promontorlea  and  around 
ot  the  bays,  necessitating  heavy  grades  and  sharp  curve 

The  Grand  Trunk  Pacific  proposes  to  cross  this  re 
siderably  north  of  tbe  C.  P.  R.  where,  although  the  ci 
essentially  the  same,  It  Is  thought  that  there  will  be 
struction  and  better  alignment  and  grades.  The  Trai 
proposed  an  essentially  different  point  at  which  to  i 
region.  Starting  from  Roberval  it  struck  oH  In  the  dl: 
Jam's  Bay,  and  by  following  river  courses  a  route  v 
which  IB  claimed  to  be  much  superior  to  that  of  tbe 
Pacillc,  Wherever  this  country  may  ba  entered  It  will 
gineering  skill  to  the  utmost  to  construct  a  first-class  r 

(3)   The  Prairie   Section. 

The  prairie  section  la  tbe  paying  portion  of  a  tranacc 
railway,  and  it  would,  therefore,  be  almost  absolutely  d< 
by  commercial  considerations.  This  Is  rendered  possibl 
tact  tbat  this  portion  of  tbe  route  is  almost  free  from  en 
d  ffie  titles. 
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Moimtsla  Division. 

ve  p&ssea  "oj  wbich  coanection  between  tbe  Pacific 

pralriea  la  possible.  These  are  tbe  Crow's  Nest 
ag  Horse  PasB,    tbe    Tsllowbead    Pass,    the  Pine 

lastly,  the  Peace  River  Pass.  The  Kicking  Horse 
rst  one  used,  and  It  was  b;  It  that  the  Srst  trans- 
nectlona   were    made.      The    route    led     over   the 

Klcblng  Horse  Pass,  then  followed  the  Columbia 

distance  towards  the  aorth-weet.  Tbe  Selkirk 
sed  b]r  the  Roger  Pass,  thence  tbe  line  followed 
ir  and  reached  the  coast  at  Vancouver. 

route  is  from  Edmonton  south-west  along  the 
\T  and  crossing  the  Rockies  by  the  Yellowhead 
nues  westward  by  the  valleys-  of  the  Fraser  and 
'ort  Simpson. 

m  EldmoDton  a  third  route  la  possible  by  the  Pine 
ir  the  Rockies.  It  follows  the  Pine  River  as  far  as 
nd  thence  south  of  Stewart  and  Babine  Lalie  and 

of  the  Skeena  to  Port  Simpson. 
te  Is  from  Edmonton  north-west,  then  along  the 
Hey  over  the  Rockies,  and  tbence  via  the  Babine 
jra  to  Port  Simpson.  Tbe  country  along  the  Peace 
claimed  to  be  excellent  agricultural  land  and  the 
:t  may,  therefore,  prove  to  be  a  vaiuabla  piece  of 
lement  when  opened  up. 

in,  tb«  western  terminus  of  the  proposed  railway, 
cellent  harbor,  but  the  approach  Is  difficult. 
>tes  a  rough  sketch  of  tbe  chief  engineering  fea- 
:  with  In  constructing  a  transcontinental  railway. 
vould  now  require  about  five  years  to  develop  with 
of  from  fl3,000  a  mile  in  the  prairie  section  to 
mile  In  the  more  difficult  portions. 
,  spart  from  the  commer<^lal  aspect  of  the  scheme 
)  greatest  national  importance.     Although  Canada 

extent  of  country,  there  ia  comparatively  little  of 
operation.  The  construction  of  any  one  of  these 
^d  In  giving  length  and  breadth  to  the  country, 
developing  much  that  Is  now  almost  unknown,  and 
e  advance  of  the  country  as  a  whole.  It  marlis 
Lt  stage  of  development  of  Canada,  and,  it  tbe 
anced  sufficiently  to  require  a  second  transcon- 
,  It  is  worth  the  sacriflce  which  it  would  entail. 


MEWHANICAL  WOOD  PULP. 
By  SxANiiLAB  Qaoke,  5.  Can.  Soc.  C.  K. 

At  a  time  wb«n  so  much  emphasis  Is  laid  upon  Cut 
dustry  and  Canadian  maoutactures,  when  "Uade  in  Cai 
used  as  a  Blgn  to  catch  the  market  of  the  world,  a  review  o 
nlcal  Wood  Pulp,  an  Industry  which  not  only  at  present  co 
an  Important  asset  In  Canadian  wealth,  but  which  pro] 
become  almost  a  monoply  In  the  tuture.  should  be  opporl 
Interesting. 

It  was  the  discovery  or  ground  wood  pulp  as  a  paper 
material  in  1S46.  that  flrst  affordel  an  openios  tor  the  p 
tblB  industry  In  Canada. 

Mechanical  Wood  Pulp  is  adapted  to  many  other  usei 
that  of  producing  paper,  but  It  is  as  a  paper  producer 
tuture  ia  assured,  and  It  Is  chiefly  In  this  connection  tbat 
cess  will  be  considered  In  this  paper.  Before  entering  1 
however,  upon  the  process  involved  In  the  manufacture  of  '. 
cal  Wood  Pulp,  a  sketch  of  Che  essential  components  of  p 
of  the  different  materials  employed  in  Its  manufacture 
given,  that  the  efficacy  and  utility  of  the  mechanical  proi 
be  Judged  by  comparison. 

Typical  paper  consists  of  approximately  pure  cellulose, 
ted  together  as  to  form  a  sheet. 

Celluloge. — 

Cellulose  may  be  termed  the  material  ba^s  of  the  ^ 
world.  When  pure,  it  Is  a  white,  translucent,  tasteless, 
substance  without  nutritive  power,  insoluble  In  water,  ale 
oils  and  a  little  denser  than  water. 

For  paper  making  purposes,  cellulose  Sbres  are  derli 
two  main  sets  of  sources;  In  the  flrst  place,  from  cotton  a 
rags,  esparto,  flai  (spinner's  waste),  hemp  (old  rope),  Jul 
and  sugar  cane;  and  secondly,  from  different  kinds  of  w( 

In  all  the  fibres  derived  from  ttese  sources  the  follow 
Pfcrties  are  requisite.  They  must  have  a  certain  length,  tl 
be  small  in  breadth  or  thickness,  they  must  be  flexible 
well. 

The  felling  power  depends  specially  on  the  stmctur 
individual  fibre.  An  example  of  a  good  felting  flbre  Is  1 
(net  a  paper  making  flbre,  being  of  animal  nature).     As 
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flKure  1.  the  wool-fibre  Is  dlacontlDuouB,  conslstlns  appa: 
Imbricated  scales;  tbeae  brought  tosether  tend  to  interloct 
as  silk  iiDres  (also  of  aalmat  aature),  for  example,  being  di 
ders  pertectly  Bmooth.  slmplr  slide  over  one  another  whe 
or  pressed  together. 

We  shall  now  take  a  short  glance  at  some  of  the  cc 
sources  of  cellulose  flbrea  as  enumerated  above,  and  see 
degree  tbey  possess  these  dllTerent  properties. 

Cotton. — 

Cotton  fibres  are  the  purest  cellulose  available  In  i 
state.  They  are  long,  thin  and  rather  rough,  and  vben 
to  roll  themselves  around  tbelr  axis,  bence  they  lelt  well 
2  shows  the  form  and  structure  ot  a  cotton  fibre.  The 
which  usually  reach  the  paper  maker  In  the  torm  ol 
waste,  form  tbe  basis  ot  most  high  grade  book  papers, 
enter.   In    different    degrees,    Into   the   composition    of    o 

FlOT.— 

The  fibres  of  the  flax  are  long,  strong  sod  flexible: 
often  Jointed  and  cut  up,  and  are  capable  of  lengtbenlnj 
breaking.  They  reach  the  paper  maker  also  In  the  form  ot 
spinners'  waste,  and  produce  a  very  strong  paper  (line 
which,  however,  Is  not  so  compact  as  that  manufactured 
ton.    See  figure  3. 

Hemp  fibres  resemble  very  much  those  of  flax,  but  a 
and  stronger;  especially  Is  this  true  ot  Manila  hemp,  w 
stltutes  the  basis  of  tbe  real  Uanlla  paper.  These  flbn 
reach  the  paper  mill  In  the  form  of  old  ropes  and  rags. 

Straw.— 

The  fib'res  of  the  straw  are  little  adapted  to  paper  mi 
the  cheapness  ot  this  raw  material  In  such  countries  as 
west,  renders  its  use  economical.  Straw  fibres  a're  ( 
Shapes,  some  being  long  and  slender  and  >' fairly  unlfo 
some  are  in  the  form  ot  smooth  pith  cells  and  of  serrat 
mal  cells.    See  figure  4. 

Sugar  Cane. — 

Cane  thrash  oT  bagasse  has  been  recognized  as  a 
material  for  rough  paper,  as  Its  fibres  possess  great  str 
has  been  i  claimed  that  It  is  stronger  than  Manila  hem' 
value  [or  book  paper  has  yet  to  be  demonstrated.  Like  i 
a  very  cheap  by-p'roduct  in  southern  countries. 
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Wood. 
.eiabove  mentioned  sources  ol  cellulose  are  available 
iratlvel;  small  QuantUlea,   aod  aa    such    the  paper 
lem  merely  to  get  special  grades  lot  paper.    Oa  the 
e  great  bulk  of  our  manufactured  paper  Is  derived 

peaking,  wood  may  be  said  to  be  composed  ot  ceN 
emented  together.  These  bundles  ol  cellulose  fibres 
m  ot  long  cells,  also  cemented  together,  whlcb  are 
il  to  the  longitudinal  axis  ol  the  tree.  See  Qgure  6. 
lemlcal  composition  of  wood  Is  50  per  cent,  carbon, 
Irogen  and  44  per  cent,  oxygen.  Taking  poplar  and 
examples,  their  physical  composition  Is  as  follows:  — 
Pine.  Poplar. 

ge 'Lof  Cellulose 53.3  62.B 

■■  Realn 2.U  1.3 

"  Aquaeous  Ext 1.2  2.9 

•■  Water 14,5  IZ.l 

"  Llgn:n 30.0  20.9 

ititles  vary  with  different  qualities,  especially  in  the 
The  following  Is  the  percentage  of  cellulose  tor  dlt- 


I  ot  these  different  kinds  ot  wood  las  pulp  producers 
rhat  more  on  other  properties  than  on  their  percen- 
ie.  .'as  will  be  seen  later  Nearly  all  our  Canadian 
d  may  be  employed  for  pulp  making,  but  In  actual 
imber  ot  kinds  is  limited;  hence  we  shall  consider 
d  in  our  Canadian  pulp  mills,  and  more  especially 
d  by  mechanical  :wood  pulp  manufacturers,  viz: 
d,  poplar  and  aspen,  hemlock,  pine,  fir  or  balsam  and 


of  the  'birch  are  white,  long  and  In  breadths  or 
in  different  parts  ot  the  same  fibre;  they  are,  as  a 
nd  exhibit  numerous  markings  In  the  form  of  slits. 
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See  figure  6.    Only  a  limited  quantitj'  ot  it  ta  used  In  Can 
moBtlr  all  by  chemical  pracesses.    It  .makes  a  fine  grade 

Bassuooil. — 

The  Bbrea  of  the  basswood  are  .very  similar  ta  thos 
bl'rch.  They  are  employed  more  than  birch  as  a  paper 
and  give  a  fine  grade. ot  paper,  strong  and  soft. 

Poplar  and  Aapm. — 

The  fibres  o(  the  :poplar  and  aspen  ace  among  the  b 
fibres  for  paper  making.  Tbey  are  white,  long,  thin  ant! 
and  resemble  closely,  Id  appearance,  the  birch  fibres;  so: 
Joints  and  extend  Id  the  form  of  a  tall,  see  figure  7,  but 
lacking  In  great  atreogth.  They  are  used  for  fine  book 
they  are  capable  of  acquiring  a  fine  gloss.  They  are  pulp( 
slvely  where. a  large  supply  is  ayallable,  but  the  dlfilcuUy 
Ing  GOund  wood  readers  the  operation  sometimes  'rather  e 
Poplar  and  aspen  apparently  sound  to  the  eye  is  *ery  fr 
through  certain  districts,  discolored  and  rotten  at  the  hea 
"blatk  heart"  must  be  removed,  as  Its  presence  'readers 
very  Inferior  in  quality  In  proportion  to  the  quantity  of 
colored  and  rotten  part. 

Bmloek. — 

The  hemlock  furnishes  a.  coarse  and  rather  brittle  flMn 
color  and  suitable  only  for  cheap  paper.  Generally  speaki 
used  only  where  the  supply  of  other  woods  becomes  short 

Pine.— 

Pine  fibres  are  brown  In  color,  long.  Sat  and  byroad,  tt 
are  tapered  and  are  characterized  by  oblong  openings  whl 
trate  through  them.  This  wood  is  used  but  In  tew  places  an 
by  chemical  process.  It  produces  a  brown  paper  specii 
adapted  fc^r  boxes  for  sugar  confections. 

Fir  or  liiilHum  — 

The  fibres  ol  the  fir  or  balaam  resemble  those  ol  tb 
described  bfclow  and  are,  llUe  them,  white,  long,  thin  and  sir 
found  in  different  parts  of  Canada,  this  species  contains 
quantities  of  resin,  a  fact  ot  much  consequence  In  Its  va 
pulp  producer.  Where  It  contains  little  Tealn,  It  ran 
spruce  as  a  raw  material,  but  where  resin  is  present  in  lar 
tities,  it  is  detested  by  the  manufacturers.  In  the  cbemi 
cess  much  difficulty  is  experienced  In  removing  the  "resin 
the  mechanical  process  no  end  ot  trouble  Is  occasioneij 
resin  in  the  various  parts  of  the  machinery. 

Where  Utile  resin  exists,  as  much  as  25  to  40  per  cet 
or  balsam  la  used  wlih  spruce,  and  when  largely  resinous 
ten  per  cent,  is  considered  plenty,  and  none  at  all  much  be 
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}ical  composttlon  of  spruce,  as  given  at  the  beglanlng; 
e  on  wood,  showa  that  it  coatalna  53  per  cent,  of  eel- 
its  other  constituents  reBembllng  those  of  pine.  Its 
itte,  long  (from  1-20  to  1-5  of  an  Inch),  thin  (from 
DO  of  an  Inch),  broad  and  flat,  rough,  strong  and  often 
ij  are  characterized  bf  the  presence  of  numerous  pit- 
cups,  circular  and  elliptical;  see  figures  6,  S  and  9. 
la  we  have  matnly  three  kinds  of  spruce:  The  blaQk, 
1  tlie  red  or  grtv:  these  colors  refer  chiefly  to  ttie  bark 
iSSarlly  to  the  wood  flbre. 

fc  variety  Is  that  which  stands  in  most  favor  with  all 
Mturers.  Its  flbres  are  the  toughest  of  the  three 
.  B^re  flne  and  white.  It  grows  very  thickly  in  swampy 
as  the  Laurentian  areas,  where  it  is  easily  recognUM 
bark  and  long  stem  with  only  a  bunch  ot  leaves  at 

'«  variety  grows  specially  on  dry  ground,  and  its  flbre 
saker  than  that  of  black  spruce,  but  somewhat  whiter. 
s  a  flne  grade  ot  pulp. 

les  grey  or  red  spruce  refer,  the  first,  to  the  color  of 
d  the  other  to  that  of  the  wood.     Its  fibres  resemble 

white  variety,  but  have  a  pinkisli  color. 
iree  varieties  of  spruce  (orm  the  basis  of  the   wood 
y  of  Canada,  and  in  the  majority  of  the  mills  spruce 

exclusively,  especially  tor  mechanical  pulp.  They  fur- 
st  wood  fibres  for  paper  making,  and  our  immense 
pply  renders  them  a  moat  economical  raw  material. 
]e  added  to  this  description  of  wood,  and  especially  as 
ice,  lliat  trees  o(  slower  growth  produce  the  longest 
t  fibres;  tor  example,  spruce  grown  on  poor  soil  or  In 
I,  oT  again  In  cold  climates,  give  better  fibres  than 
in  richer  soil  and  warmer  climate.  For  these  reasons, 
n  in  Newfoundland  or  near  the  Labrador  Coast,  gives 
,de  of  pulp  than  that  grown  farther  inland  and  south. 
:  reasons  also,  Canadian  spruce  furnishes  better  pulp 
rown  on  the  soil  ot  our  Southern  neighbors. 

Pbocesses, 

owing;  is  an  outline  ol  some  of  the  different  proceBses 
S  fibrous  material  or  pulp  from  tbe  above  mentioned 
1  all  proceases,  except  perhaps  the  mechanical,  the 
B  to  obtain  the  cellulose  fibres  pure  and  individual. 
flax  and  hemp  are  used,  as  said  before,  in  the  form  of 
te,  which  are  first  boiled  to  cleanse  them,  then  beaten 
the  fibres  and  bleached.    Straw  and  bagasse  are  treated 
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by  chemical  procesEea  suited  to  Cbelr  compoaltion;  tbey  i 
pulped  la  Canada- 
Wood  Is  treated  by  two  ktnds  of  processes,  tIe.,  the  c 
and  the  mechanical.  In  Canada  we  have  mainly  two  < 
chemical  procesaea;  the  alkaline  or  »oda  process,  and  the  i 
tvlphite  process.  The  action  of  the  chemicals  la  bath  case 
dissolve  tbe  aon-cellulose  constituents  or  the  cementing  n 
ot  the  wood,  thus  leaving  the  Individual  fibres, 

'     Soia  ProctM. — 

Twenty-five  years  ago  the  soda  process  was  consider 
most  economical  ot  the  different  chemical  processes.  It  wi 
developed  In  America  In  1S53,  by  Watt  and  Burgess;  and  1 
M.  M.  Angus,  Logan  &  Co..  of  Windsor,  Que.,  were  makin 
[mlp  out  of  hasBwood. 

In  this  process  the  wood  Is  first  barlied  and  chtppe 
packed  In  digesters,  which  usually  consist  of  cylladrlcaJ  si 
Iron  tubes  capable  of  containing  two  to  three  cords  of  wi 
nine  to  ten  per  cent,  solution  ot  sodium  hydrate  is  put  la,  a 
whole  Is  raised  to  a  high  temperature  and  pressure  by  adi 
of  live  steam.  This  "cooking"  lasts  from  eight  to  ten  bours 
which  the  pressure  Is  partly  taken  off,  aufflcieat  only  bell 
talned  to  blow  the  mixture  out  In  tanks,  wblcb  U  lmme< 
done.  This  mixture  of  a  brown  black  color  Is  washed  wll 
water  and  the  diluted  Uquor  la  conveyed  to  tanks  and  w; 
where  the  soda  Is  mostly  recovered  la  the  form  o(  ash.  Th 
then  coaslata  of  the  individual  fibres  ot  the  wood  employei 
colored  light  brown  by  the  digesting  liquor;  It  Is  after 
screened  and  bleached,  preparatory  to  Its  being  transformei 

All  tbe  woods  mentioned  and  described  above  are.  or  m 
treated  by  this  process,  but  poplar  and  aspen  are  the  beat  at 
to  it.  and  In  tact  they  are  nearly  always  pulped  thus.  T 
also  a  good  method  for  pulping  hlrch  and  basswood,  but  a 
fir  and  pine  are  more  difficult  to  treat.  Woods  are  never 
In  the  same  charge  of  a  digester. 

The  yield  of  air  dried  fibres  Is  from  30  to  35  per  cent  < 
wood  employed,  which  shows  that  from  one-tblrd  to  one-half  > 
cellulose  has  been  destroyed. 

Sulphite  Process. — 

The  sulphite  process  Is  comparatively  new  and  has  bi 
advantages  over  the  soda  process  which  caused  most  of  the 
built  lately  to  adopt  It  The  advantages  are  these:  The 
ot  chemicals  is  less,  a  larger  yield  of  pulp  Is  obtained,  the  fil 
not  weakened  by  the  process,  and  the  paper  made  from  it  is  h 
and  more  transparent. 
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ixa  boiler;  2.  ateam  engine;  3.  sawing  machiDe;  4.  batk- 
ioe  (Id  pairs);  5,  splitting  macblne;  6,  water  flume;  7, 
ind  casings;  8,  grinding  machlnea;  9,  pressure  pumps;  10, 
,d  turbine  (or  general  work;  11,  Stuff  pumps;  12, 
pump;  13.  trougbs;  14,  screens  (vibrating  type); 
toea:  H,  hydraulic  pressea;  K,  blgh  pressure  pumps;  S, 
,   tablea;   P,  packing  presses. 
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In  this  process  tbe  wood  ie  b&rked  and  chipped  as  in  t 
process;  some  manuCacturers  remove  tbe  knots  and  other 
ties,  wblch  are  but  little  acted  upon  hy  the  chemicals,  while 
claim  that  it  is  more  economical  to  remore  them  afterwards 
screens.  The  chips  are  dumped  into  the  digester,  which  is 
clad  cylinder,  vertical  or  horizontal,  or  perhaps  also  rotar; 
with  some  material  not  acted  upon  by  tbe  acid;  in  the  pa 
was  employed  Tor  this  purpose,  but  in  later  practice,  a  I 
Tour  or  Ave  inches  oC  Portland  cement  has  been  touDd  t 
well.  In  a  digester  ol  a  capacity  of  two  cords,  2,500  gallo 
3U  per  cent,  solution  of  an  acid  sulpbite  is  put  in  and  Uti 
Is  turned  In,  thus  raising  tbe  temperature  and  pressure. 

The  constitution  of  the  wood  lends  itself  to  tbe  (ormi 
certain  organic  sulphur  acids  (sulphonates) ,  wblcb  greatl] 
tate  tbe  process.  After  10  to  12  hours  o[  "cooking''  the 
blown  out  Into  tanks,  where  It  Is  washed;  tbe  liquor  in  tli 
however,  being  usually  dumped  into  the  nearest  stream,  tl 
only  being  preserved.  In  this  case  also  the  putp  consists 
individual  Bbres,  which  after  being  washed,  screened  and  b 
are  ready  tor  the  paper  machines. 

As  in  the  case  ol  tbe  soda  process,  all  the  woods  abc 
cribed  may  be  "pulped"  by  this  method,  but  spruce  Is  I 
adapted  and  the  most  employed. 

The  yield  by  this  process  is  usually  40  to  50  per 
the  wood  employed,  which  Is  quite  an  excess  over  that 
soda  process. 

There  are  many  other  so-called  chemical  processes  for  I 
celtuiose  from  wood,  but  as  they  are  not  used  in  Canada, 
likely  to  be  for  some  time  at  least,  tbey  are  of  little  imi 
to  us. 

OutUne  of  the  Mechanical  Procrsa. — 

In  the  mecbBDlcai  process  the  wood  is  Drst  cut  into  1^ 
foot  lengths  and  barked.  These  blocks  are  then  pressed 
revolving  sandstones,  which  grind  the  wood  to  a  pulp. 
again,  after  being  screened  and  bleached  is  ready  for  tt 
machine:  but  as  our  mechanical  pulp  Is  nearly  ail  made  to) 
atlon,  It  has  to  be  transformed  into  a  convenient  shape  I 
meat.  For  this  reason,  tbe  mechanical  process  as  usuali; 
Blood,  also  means  the  use  of  "wet  machines"  to  put  the  p 
tbe  form  of  Sheets,  and  also  of  hydraulic  presses  to  ezt 
water  from  these  sheets,  and  of  packing  presses  to  put  tl 
proper  shape  for  shipment. 

The  above  description  of  materials  and  processes  1 
given  to  enable  of  a  full  understanding  of  tbe  aim  and  c 
pulp  making,  and  to  furnish  a  basis  of  comparison.    We  si 


Gagne  on  Mechanical  Wood  Pulp  -iVi'.) 

iutlon  to  B  fuller  description  ol  the  i)te<!hameal  procet*, 
main  object  of  tbU  paper. 

The  Mechanical  Process. 
or  this  process  Is  likewise  to  produce  celluloa;  fibres 
nhlng,  but  being  purely  mechanical  the  whole  Hollfl 
the  wood  except  the  bark  la  ground  into  pulp.  As  we 
fore,  spruce  for  eiample.  contains  only  53  per  cent,  of 
is,  hence,  mechanical  putp  made  from  spruce  can  ont7 
ir  cent,  of  paper  making  fibres,  tbe  rest  being  called, 
at  the  be^lunlDg  of  this  paper,  tbe  cementing  material 
nlr  llgnln.  This  is  the  reason  why  paper  partly  made 
.1  wood  pulp,  sucb  as  newspaper  for  example,  dis- 
izposed  to  the  light  for  some  time. 
I  the  wood  is  ground  on  stones,  we  have  the  pulp  In 
minute  chips,  and  not  as  Individual  fibres  as  In  the 
chemical  processes.  Therefore,  this  process  gives  a 
.  result  from  the  others  described,  wbicb  places  It  In 
lelf.  It  la  Dot,  bowever,  a  rival  tt  them,  each  kind 
rn  use.  It  la  tbe  direct  object  of  the  manufacturer  In 
owever,  to  get  as  nearly  as  posalble  a  fibre  pulp,  a 
U  depends  tbe  value  of  bis  product 
led.— 

specially  the  black  variety,  owing  to  its  tough  fibre 
other  reasons  seen  before,  Is  mainly  employed. 
ilsam  Is  als3  used  from  five  to  even  as  high  as  40 
1  spruce  as  also  seen  before;  when  ground  Its  weight 
spruce,  and  consequently  more  wood  is  required  to 
1  of  pulp,  and  la  more  bulky  when  baled,  "When 
jberes  to  tbe  stones,  chokes  the  screens,  clogs  the 
tbe  felt  of  tbe  wet  machines,  causing  irregular  sbeeta 
ironble  everywhere  In  the  process. 
id  aspen,  when  ground,  make  a  Une,  white  and 
of  pulp,  but  as  their  supply  is  nearly  always  limited, 
also  limited.  Spruce  and  poplar  or  aspen  make  a 
.tlon,  spruce  lending  its  strength,  and  poplar  or  aspen 
)  the  pulp. 

lods  of  cutting  and  bringing  wood  to  the  pulp  mills 
as  in  tb«  case  of  ordinary  saw-millB,  tbe  only  excep- 
it  all  the  wood  of  a  tree  is  utilized  save  tho  branches; 
logs  as  small  as  three  Inches  in  diameter  are  brought 
B  the  size  o(  tbe  blocks  is  really  of  not  much  impor- 

'  Illustrates  the  general  principles  adhered  to  in  the 
pulp  mill.  No  definite  rule  Is  offered  for  the  arrange- 
lachlnes,  each  Individual  site  having  Its  own  pecuiiari- 
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Poicer.— 

All  mdcbanfcal  wood  pulp  mills  in  Ctuuida  ue  altua 
some  water  course  or  stream  from  which  the  neoosaary  pi 
derived  and,  Id  most  cases,  on  wliich  the  wood  Is  noated 
mill.  -As  a  rule  steam  power  cannot  be  used  for  this  pur) 
account  of  the  large  amount  required,  on  account  of  tb' 
variations  of  the  load,  and  its  cost;  a.  water  fall,  naturaJ  oj 
clal.  Is  the  only  source  of  power  that  can  be  utlUied  for 
mill. 

An  ordinary  grinding  machine  producing  five  tons  < 
(drr)  per  24  hours,  requires  about  3&0  H.P.,  and  an  addltl 
will  drive  the  rest  of  the  machinery  tor  tboee  five  tons,  th 
75  H.P.  are  necessary  to  produce  one  ton  of  pulp  (dry)  In  a 

Since  it  is  not  the  purpose  of  this  paper  to  discuss  the  n 
of  utilizing  a  water  power  and  the  means  of  getting  tbe 
power  from  a  given  fall,  a  few  remarks  concerning  the  <i 
ments  of  the  process  will  be  Bufflclent. 

A  dam  or  canal,  or  perhaps  both  are  built,  and  from 
penstock,  flume  or  pipe  line  conveys  the  water  to  tbe  turb 
water-wheela.  The  types  of  these  wheels  are  gov:trned 
height  of  tbe  fall;  b*y  the  variations  In  the  volume  of  wafei 
able,  and  by  tbe  work  that  is  expected  at  them;  the  usual  i 
being  to  use  re-actlon  turbines  for  low  heads,  and  Impulse  t 
for  high  heads.  As  will  be  seen  later,  some  such  speed 
to  250  R.P.M,  la  requirecl,  and  this  ought  not  to  vary  whf 
of  the  load  Is  taken  off,  as  when  pockets  of  the  grinders  ar 
Slled,  thus  relieving  the  pressure  an  the  stone.  To  atta 
result,  governors  are  sometimes  employed,  especially  when 
drive  only  one  or  two  grinders  each,  for  then,  one  pocket 
means  j,  or  J  of  the  load  suddenly  taken  off,  and  in  suci 
the  turbine  will  increase  in  spesd  according  to  its  conatru< 
□  i>  governor  Is  attached  to  it;  but  the  cost,  great  wear,  fre 
oC  repairs  and  losses  of  time  occasioned  by  tbcse,  mak< 
manufacturers  try  to  do  without  them  if  they  possibly  can. 

As  will  also  be  seen  later,  pumps  are  sometimes  used 
as  governoi's,  but  as  their  use  as  such  means  a  different  gi 
pulp  at  dillereiit  times,  they  are  unsitlstactory  for  this  p 
The  best  means  ot  getting  over  the  difficulty  seems  to  be  to 
on  one  pair  of  turbines,  turning  both  in  the  same  direction  t 
to  their  common  shaft,  as  many  grinders  as  possible.  If  a 
turbines  are  thus  atiscb^d  to  each  other  aa  in  the  case  ot 
10,  the  friction  on  the  end  bearings  will  be  eliminated,  tl 
creasing  the  efficiency.  In  some  cases  turbines  mi 
built  so  that  variation  of  sp«ed  wilt  be  small  comparer 
certain  variations  of  lead,  thus  dispensing  with  governors. 
turbines  may  be  designed  tor  a  given  speed  when  some  of  U 
kets  of  the  grinders  are  idle,  and  in  operation,  when  the  pi 
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om  one  pocket,  the  same  pressure  is  automatically 
lother  one,  thus  keeping  the  load,  and  thereby  the 
tt.  Therefore,  tbe  problem  Is  this:  Given  a  certain 
ime  of  water,  to  get  a  turbine  that  will  give  a  good 
1  given  speed,  and  that  speed  not  to  vary  over  much 
variations  of  the  load.  To  tulflll  these  requirements, 
1  to  get  any  turbine  whatsoever,  being  guided  by  Its 
itber  such  considerations. 

aln  proper  order  In  this  description  ot  tbe  mecb«nl- 
ire  shall  start  with  the  wool  as  It  arrives  near  the 
ere  lumbering  operations  proper  end  and  follow  it 
liOerent  ports  and  machinery  of  the  process. 


re  floated  down  the  river,  they  are  kept  la  a  boom 
11  dam,  from  which  they  are  taken  to  the  cutters  by 
Ide,  chain  conveyor  and  log  lack  or  a  similar  arrange- 
Ing  on  the  nature  of  the  ground  relative  to  tbe  mill, 
r  cars  they  are  dumped  near  tbe  mill,  where  some 
such  as  an  endless  chain  distributes  them  to  the  cut- 
ar  device  is  used  If  the  logs  are  brought  from  the 
le  mill  or  tahen  from  Ub«  piles  ot  the  winter  supply 
een  laid  on  skldways  at  the  fall  before  the  river  was 

of  the  rules  that  should  be  observed  in  haniillng 
ep  them  out  of  contact  with  the  ground  as  much  as 
use  sand  and  dirt  wlil  occasion  trouble   when   they 

barked. 

I  should  also  be  employed  as  green  and  wet  as  pos- 
!  the  grinding  operation  Is  thus  facilitated  and  the 
ligher  grade,  as  the  flbres  are  more  flexible  and  not 
tach  from  each  other. 

are  cut  Into  lengths  regulated  by  tbe  size  of  tbe  poc- 
rlnders,  UHually  £4  Inches,  though  some  use  as  araall 
igths.  For  mills  ot  a  smi^ll  catta.city,  say  up  to  ^0 
a.  swing  saw  Is  generally  considered  a  good  arrange- 
lly  when  togs  are  from  10  to  H  teet  long. 
;a  are  brought  to  the  mill  in  four  foot  lengths  {cord 
adle  saw  is  sometimes  usad,  where  logs  are  put  on  a 
Is  swung  to  the  fixed  revolving  saw. 
le  beat  machines  for  sawing  tbpse  blocks,  when  tbe 
■ge  capacity  and  output,  is  that  represented  by  figure 
case  each  saw  is  on  a  separate  shsft,  and  all  these 
re  driven  by  the  same  pulley  and  belt.  Logs  are 
the  table  by  endless  chain  conveyors,  and  In  this  way 
ts  cutting  a  log  at  one  time.    If  more  than  one  saw 
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Is  made  to  cut  a  log  at  one  time,  that  log  is  liable  to  Jam  b 
the  sawa.  damage  them  and  fly  out,  specially  It  three  saws  o 
are  used.  By  this  method,  illustrated  in  flgure  11,  when  a  1 
passed  across  the  whole  Ubie  it  is  all  cut  up  into  tbe  n 
lengths,  which  fail  nearby  or  are  conveyed  to  the  barltera. 


Fig,  11.    Principle 


A,  driving  pulley  ;  E,  driring  belt  ;  C,  saw  pulleys  : 
D,  tighiHiiidg  pulleys  ;  E,  tightening  pulleys  ;  F,  con- 
veyor i  K,  frnnio  ;   H,  chain   conveyori ;  S,  «»w». 


Barking.— 

The  type  ol  barker  moat  frequently  employed  is  that 
sented  by  flgure  14.  It  consists  of  a  disk  about  52  Inc 
diameter,  In  which  four  bnlves  are  so  aet  as  to  cut  a  thin  si 
the  wood  at)cl<  at  a  time.  That  dlak  Is  surrounded  by  a  cai 
frame,  o|ien  to  give  accesa  to  tbe  knivea,  and  a  table  to  a 
the  wood  Is  attached  to  It.  The  bolt  or  stick  la  pressed  i 
the  revolving  knives,  and  tbe  bark  and  chips  falling  behi: 
disk  are  blown  by  fans  acting  like  centrifugal  pump,  thri 
pipe  to  a  convenient  place,  usually  to  the  boiler  to  be  uUII 
steam  generation.  Tbe  wood  is  usually  pressed  and  r« 
against  the  cuuing  hnlvea  by  hand.     Various  arrangement: 
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:o  revolve  the  wood  automatically  against  the  knives, 
stion  whether  Euch  a  plan  la  useful  and  economical. 
revolution  of  the  wood  stick.  In  these  automatic 
iances,  dependlDg  as  it  does  on  that  of  the  knives, 
do  good  work  and  save  labor  if  the  bark  Is  of  unl- 
,  but  in  cases  where  logs  are  brought  long  distances 
through  rapids,  the  thlckneaa  of  the  bark  la  very 
In   facts,   parts   of   the   stick   have   no   bark   at   all; 


PULPWOOD  Bakker  (Slieihrooke  Iron  Works), 

sticks  are  put  Into  an  automatic  revolving  apparatus 
lOd  will  be  cut  unnecesaarily,  whereas  If  revolved 
ark  only  will  be  cut  away. 

ty  ol  an  ordinary  barker  running  at  about  600  R.P. 
From  alx  to  ten  cords  a  day,  varying  with  the  skill 


(8  are  too  targe  to  enter  conveniently  Into  the  fpoo- 
Inders,  they  are  split.  In  those  cases,  which  fre- 
where  puip  mills  are  provided  with  a  carriage  and 
g  large  logs  into  lumber  for  the  market,  Instead  of 
to   produce  pulp,   little   splitting   Is  required   afier 

lly  found  convenient  to  have  the  sawing,  barking 
aperatlons  all  performed  in  a  separate  building  as 
!ral  plan,  Bgure  10,    Power  (or  this  purpose  may  be 
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derived  from  one  of  tbe  turbines  or  from  a  steam  engine, 
and  small  butts  b«ing  used  as  fuel. 

From  the  barkers  the  wood  Is  conveyed  to  the  grind 

GiinHng.— 

What  couBtltutea  the  mechanical  procesg  of  "pulpln 
is  the  grinding  operation  Instead  ot  a  "cooUng"  vlth  c 
hence  if  mechanical  wood  pulp  is  badly  ground  It  will  b 
In  quality,  no  matter  how  well  other  operations  bave  1 
formed. 

We  have  seen  before  that  wood  Is  an  agglomeratian 
end  tbe  object  of  grinding  Is  to  derive  from  that  agglom 
rtilp  or  a  soft  mass  of  particles  that  wilt  have  tbe  prcqter 
for  paper  miking,  tIz.,  b3  long,  thin,  flezlbls  and  felt  ^ 
attain  this  end  we  have  several  kinds  of  grinders  which  < 
little  In  principle. 


/^./d  •Smre  i/2.4. 

.,  atone  ;  B,  finnges; 
D,  shaft. 


Figure  12  lltustrates  thi  principle  of  an  ordinary  giinc 
have  first  a  stgne  A  aga  nst  which  the  w:od  Ettcks  or  bo 
their  longitudinal  axis  parallel  to  the  shaft  turning  the  at 
pressed  in  pockets  B  by  hydraulic  pressure  on  plstoi 
cylinders  D. 

These  stones,  which  must  be  composed  of  very  small  ai 
grains,  and  have  a  certain  strength  to  resist  the  centrlfug 
caused  by  revolving  at  a  high  speed,  are  quarried  out 
stone  and  turned  to  required  dimensions.  Some  good  stc 
quarried  in  Nova  Scotia,  but  the  best  ones  are  aald  to  t 
derived  from  certain  districts  in  England. 
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Port  Henry  Grinder  built  by  the  Jenckes  Macblne 
ike.  Que.,  as  a  typical  es&mple  of  the  kind  wtilcb 
da,  tbe  following  Is  a  general  description  of  tbe 
le  name  of  tbe  cbleC  parts  may  be  obtained  by 
re  12.  Tbe  ahaft,  wblch  Is  very  large,  Is  made  of 
teel,  and  on  both  sides  of  the  atone  are  tbreade  on 
iS  are  screwed.  Ttiese  Ranges  which  are  about  38 
ier,  are  faced  where  they  come  Into  contact  with 
igure  13) :  threads  are  cut  right  and  left,  and  they 
lbs.  each.  This  grinder,  which  la  so  made  as  to 
1  BO  to  54  Inches  in  diameter  and  IB  to  26  inches 


Port  Henry  Pulp  Grinder. 


until   the  stone   is  reduced   to   about  40   Inches   in 
main  shaft  boxes  or  bearings  are  s«lf-adjusta'ble. 


orm  themael 
II  is  about 
tted  boxes   i 


to  any  variatkn  In  the  shaft.  The 
ncbes,  wool  lined  for  bearings  in 
sometimes  used  with  them.  The 
.  one  piece,  two  inches  In  thicliness,  and  can 
}  the  stone  so  that  very  few  splinters  can  pass 
The  middle  pocket  will  take  wood  16  Inches 
•  two  side  ones,  14  Inches  in  diameter,  hence 
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the  use  of  &  spllttsr  is  largely  dispensed  with.  Tbe  ] 
raised  or  lowered  In  the  sldea  on  planed  aurtaces  by 
soft  Bteel  screws  (S).  The  doors  tor  the  pockets  are  o 
plate,  and  slide  up  and  down  in  a  groove  in  the  pa 
pocket  followers  are  provided  with  strips  last  on  tbe  lo' 
prevent  the  wood  from  rolling  In  the  pockets.  The  cy 
made  of  Iron,  lined  with  braes,  and  have  heads  accur 
to  them.  The  lower  heads  connect  direct  to  the  top  of  t 
and  are  provided  with  doors  on  the  back  and  front, 
easliy  removed  when  lower  packing  glands  of  piston  r 
adjusting  or  repacking. 
Operation  of  their  Tiew  Piping  System  {Patented).— 

Referring  to  figure  IS,  suppose  the  two  side  pocheta 
ing  under  high  pressure  and  that  one  of  the  side  poc 


Fin.  20.     I'lilp  UiiiKler.  iiianu Pictured  by  Carniir,  Lnna 

refilling;  the  centre  pocket  is  then  idle,  but  by  changing 
way  valve  .4.  the  high  pressure  is  thrown  on  to  the  eei 
and  causes  it  to  grind  under  high  pressure.  The  empt: 
ket  being  now  relipved,  the  low  pressure  water  au 
opens  the  check  valve  and  acts  upon  the  piston,  lifting 
follower  from  the  stone.  The  pocket  is  then  refllled. 
B  is  shifted,  allowiag  the  low  pressure  to  bring  the  pi 
until  the  wood  is  pressed  firmly  against  the  stone.  At 
the  three-way  valve  is  turned  so  that  the  high  pressnr 
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Lbe  centre  pocket  and  enters  on  the  top  of  the  pls- 
le  time  aatomatlcallr  closing  tbe  low  pressure  cbeck 
itre  pocket  is  now  Idle,  and  it  tbe  other  side  poc- 
fllllng,  It  is  done  la  a  manner  similar  to  tbe  above. 
the  centre  pocket  sbould  require  refilling,  the  lol- 
;ntre  pocket  Is  lifted  from  the  stone  br  means  ol 
L  Is  always  connected  with  tbe  lower  prossure,  tbe 
ed  and  the  low  pressure  again  Introduced  Into  tbe 

tbe  piston-  In  this  maaner,  as  above  stated,  tbe 
.Iways  filled  with  water  at  a  high  or  low  pressure, 
vhett  the  tbree-way  valves  are  shitted  -there  is  no 
ilore  tbe  pockets  begin  to  grind,  and  tbe  grinder  is 

action, 
r  built  by  Carrier,  Lain6  ft  Co.,  of  Levis,  Que.,  dir- 

above  mentioned,  as  seen  by  figure  20.  Its  construe- 
he  pulp  to  remain  longer  around  tbe  stone, 
'itb  part  of  the  lower  Bld«  la  pulp  and  water,  while 
e  usually  Intended  to  run  clear  of  tbe  water  under- 
rectioQs  of  the  pressure  on  the  stone  of  tbe  latter 
le  as  on  the  others,  more  distance  being  allowed 
ockets.    Some  objectioas  are   made  to  tbls  method 

the  pockets,  because  the  horizontal  thrust  on  the 
one  of  tbe  side    pockets,    wben    tbe    other  Is  not 

great  that  It  quickly  wears  out  the  bearing;  ana 
tbe  more  vertical  tbe  resultant  pressure  is,  the  bet- 
ring. 

Hnderg — 5 (one  Setting. — 

generally  made  to  run  direct  oa  the  turbine  shaft 
ate  the  loss  of  power  caused  by  belting  or  gearing, 
d  to  It  by  means  of  two  flanges,  which  screw  in 
Ions  on  the  shaft  as  described  above,  and  so  ar- 
pressure  on  the  revolving  stone  will  tend  to  tighten 

not  loosen  them.  Care  Is  taken  to  ci^nt^e  tbe  stone 
nhen  lbe  ftanges  are  screwed  up  tight,  (ement  :1s 
id  tbe  shaft  and  between  tbe  stone  and  the  flanges, 
.  holes  made  in  tbe  flanges  for  that  purpose,  to  flit 
that  may  be    left    so    that    the    stone    may  be  set 

1  that  it  la  an  improvement  to  bolt  the  stone  and 
Incb  bolts  running  through  the  stone  from  side  to 
on  being  that  this  adds  to  the  strength  and  solidity 
,nd  prevents  It  from  bursting.  Others  who  tried 
it,  because  they  claim  It  causes  the  stone  to  break; 
tbtB  Is,  that  tbe  stone  Is  bound  to  slip  sometimes 
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when  a  heavy  pressure  Is  suddenlr  applied;  thU  It  caniK 
Is  bolted  tight  and  the  flanses  cannot  screw  any  more,  anc 
altematlTe  lett  to  the  stone  la  to  break. 
Turning. — 

This  Is  done  by  meaoi  of  an  arrangement  repre: 
figure  21,  ,The  Jig  B  Is  pressed  against  the  revolTlng  sto 
It  requires  turning,  and  U  actuated  by  a   screw  and  bai 


Fig,  21.    Stone  Turning  device  (or  "Success"  Pulp  Gri 

The  stones  are  usually  thus  dressed  with  a  slight  crow 
centre,  or  with  the  edges  slightly  rojinded  off  to  prevent  i 
o[  the  stone;  great  care  Is  taken  that  no  cracks  are  mat 
stone  which  would  cause  it  to  fly  off  when  revolving  urn 

Hkarpening. — 

Tills  la  the  next  operation,  and  a  very  delicate  one 
most  cases  the  value  of  the  pulp  depends  on  the  skill  wll 
it  is  performed,  as  may  readily  be  seen.  A  perfect  sh 
would  be  one  such  that  the  surface  of  the  stone  would 
posed  of  a  large  number  of  very  small,  sharp  points  or  pr 
which  would  detach  the  fibres  one  by  one.  In  actual  prac 
nions  vary  greatly  as  to  how  to  produce  a  good  sharpen 
mostly  every  case,  a  steel  jig  or  burr,  abottt  three  inches  " 
three  inches  In  diameter,  with  pyramidal  projections  nv 
16  to  100  per  square  inch  is  used,  but  It  la  In  the  use  of 
that  oniniona  vai-y  so  much.  Some  manufacturers  emp 
jigs,  a  close  pointed  one.  so  as  to  make  even  cuts,  is  pas 
the  surface,  which  is  afterwards  somewhat  smoothed  do 
a  coarser  jig.  Others  make  use  of  but  one  Jig,  usuallj 
pointed  one,  which  is  passed  several  times  over  the  surfa 
the  latter  Is  judged  to  be  In  proper  shape. 
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lower  part  of  the  aloae  runa  into  a  vat  partially  .'lull  of  p 
watET,  tbe  spray  must  be  Just  eoougb  to  wasb  the  pulp  do« 
wat«r  should  be  bo  regulated  that  tbe  stone  la  kept  at  a 
high  temperature  (about  100  degrees  Fah.),  which  cau 
KTlndine  to  be  more  easily  accomplUbed,  hence  the  outpu 
Increased. 

In  cases  where  the  mill  Is  stopped  tor  repairs  or  for 
care  should  be  ta^en  Chat  the  stone  Is  allowed  to  cool  sloi 
it  the  lower  part  runs  in  water,  that  the  water  la  dralne 
that  th»  stone  may  cool  evenly. 

The  reason  why  stones  crack  and  fly  oft  when  runnlr 
suraed,  may  sometimes  be  looked  for  in  the  overlookins 
de'.ails. 

Sometlmea  the  wood  Jams  in  tbe  pockets,  tbua  relle' 
pressure  on  tbe  stone,  wblch  then  ceases  grindlns  tbe 
that  pocket;  In  that  case  11  is  only  necessary  to  remove  t 
sure  and  loosen  tbe  wood  by  means  of  a  short  bar.  Tbi 
sides  of  Ihe  followers  should  have  strips  cast  on  tLem  '■ 
prevent  wooj  from  rolling  in  the  rockets,  as  seen  In  the 
the  Port  Henry  Grinder. 

An  ordinary  good  Bngllsb  stone  properly  banflled  ai 
ated,  lasts  about  a  year  and  wears  down  In  ordinary  grind 
M  to  40  inches. 

If  several  stones  are  coupled  directly  on  the  turblnj 
in  the  case  of  figure  10,  each  one  has  its  shaft  letigtb,  whl< 
are  alt  equal  and  held  together  by  ordinary  couplings.  . 
should  be  provided  with  extra  shaft  lengths,  and  at  1 
ready  mounted  atone;  thus,  when  a  stone  anywhere  on  t 
has  to  be  changed  or  replaced,  the  turbines  are  stopped 
time  necessary  to  uncouple  tbe  old  atone  and  replace  it 
ready  mounted  one,  wblch  requires  but  a  short  length  a 

All  grinders  used  In  Canada  are  of  tbe  horizontal  rune 
as  d'^scribed  above.  In  some  other  countries,  liowever, 
types  are  used  and  the  grinding  is  done  cold.  Other  tyi 
alEO  been  invented,  but  eo  far  as  the  writer  knows  none 
proved  to  be  more  economical  and  practical  than  tbe  pre 

At  least  four  sets  oi  pumps  are  necessary  for  an  ordl 
porting  pulp  mill;  1st,  high  pressure  pumps  Tor  the  cyll 
(he  grinders;  2nd.  low  pressure  pumps  for  backing  cylli 
tons,  tor  sprays  on  the  stones  and  In  screens  and  wot  i 
and  various  other  uses;  3rd,  stuff  pumps  to  convey  the  gro 
from  the  tanks  under  tbe  grinders  to  the  screens,  and  ' 
[rissurj  pumps  tor  the  preise;.  In  cise  of  a  mill  der 
[ower  from  a  high  head,  the  number  ot  pumps  may  be  re 
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pre£8ure  direct  from  the  flume  or  water  pipe  beiBg 
I  the  first  two. 

Cylinders  of  Grlndera.  Ordinary  triplex  power  pumps 
sizes  varying  with  the  work  to  be  done.  At  least 
red,  and  are  so  arranged  that  it  one  faila,  the  other 
rk  without  any  ot  the  grinders  being  stopped.  They 
ven  by  means  of  a  belt  from  the  turbine  abaft  and 
ure  varylDg  with  the  speed,  they  will  act  somewhat 
IF  desired.  If  a  constant  pressure  is  wasted  an  accu- 
i  to  regulate  It. 

lire  PumpE.  The  same  type  as  the  one  above  men- 
it  lighter  will  answer  the  purpose. 
a.  As  the  turbines  must  be  set  as  near  the  tail  race 
most  cases  not  higher  than  abdut  16  tt.),  the  ground 
pumped  up  to  the  screens  above  the  wet  machines. 
Jails  from  the  grinders  Into  tanks  or  troughs  running 
■■T  tbe  grinders,  and  la  conveyed  by  gravity  to  one  or 
irs  from  which  the  slulT  pumps  talie  It.  On  account 
low  head  to  be  overcome,  and  of  their  simplicity  and 
valves,  centrifugal  pumps  are  the  best  adapted  for 
Ordinary  stutt  pumps  ore  sometimes  used. 
lure  Pumps  tor  Presses.     These  will  be  considered 


pulp  tails  from  the  grinders,  enough  water  is  added 
It  fluid  and  on  its  way  to  the  reservoirs,  jt  passes 

I  plates,  which  retain  the  chips  and  splinters  which 

.  uDground.  It  is  again  diluted  here  and  is  pumped 
'dividual  screens  or  into  a  long  distributing  trough 

only  two  types  of  screens  are  used,  viz.,  the  rotary 
und  tbe  vibrating,  tlie  former  type  being  the  newest 
imoniy  used  as  the  latter.    Aitliougb  they  work  dif- 

II  be  seen  later,  their  object  Is  the  same,  viz.,  to 
ell  ground  from  tbe  badly  ground  pulp. 

separate  the  pulp  Into  several  classes,  according  to 
fineness,  but  the  majority  make  u;e  of  only  one  size 

or  slits,  all  the  material  not  passing  through  these 
rejected;  but  it  is  a  self-evident  matter  that  It 
omicai  to  use  all  the  product  of  the  grinders  if  a 
■e  tounu  for  it.  We  will  confine  our  remarks  to  but 
or  separation  and  describe  some  of  the  i 
om  pushed. 
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Viftrafinff  S<rfcn«.— 

Tbey  conBlst  ol,  first,  a  wooden  box,  at  the  bottom 
are  tbe  screen  plates;  bek>w  these  plates  Is  a  d 
which  are  the  screen  plates;  below  these  plates  Is  a  di 
which  Is  made  to  vibrate  up  and  down  by  means  of  a  i 
cam.  The  pulp  held  in  Buspenalon  In  water  Is  admitted  01 
plates  by  pipe  and  tap  from  the  long  trough  containing  tl 
and  a  downward  movement  of  the  diaphragm  drawa  or  s 
material  through  the  silts  in  the  plates;  the  next  upwar 
ment  blows  the  silvers  and  other  coarse  material  out 
silts,  the  two  actions  constituting  a  vibration. 

The  bos  receiving  the  stoclc  over  the  plates  la  usually 
wood  and  BO  hinged  that  It  may  be  lifted  over  the  rest  of 
chine.  The  frame  containing  the  plates  Is  also  hinged  . 
mlts  of  being  raised  to,-  examination  and  cleaning.  Thi 
plates  are  made  of  brass  about  12  by  40  Inches  la  size,  and 
inch  in  tblcknesa,  with  slits  or  holes  two  to  three  laches  1 
from  .008  to  .020  Inch  wide,  according  lo  the  nature  of  t 
to  be  screened  and  the  fineness  of  the  product  reguired.  ' 
nection  of  the  diaphragm  to  the  sides  of  the  box  Is  usual 
by  India  rubber  of  suitable  elasticity  and  strength.  The 
or  shoes  transmitting  the  vibrations  from  the  cam  are  uj 
wood,  aad  are  protected  by  cast  iron  and  bolted  casings 
vent  them  from  splitting.  The  cam  Is  rigidly  Sxed  to  V. 
and  is  made  of  steel;  It  Is  so  arranged  as  to  give  one,  two 
four  thrnws  each  revoiuilon  according  to  the  speed  of  t 
and  to  the  rate  desired  by  the  manufacturer.  These  cam 
arranged  on  the  shaft,  that  the  strain  on  the  driving  bell 
form  throughout  each  revolution.  One  or  two  springs  ar 
arotmd  or  near  the  shoe,  so  that  It  Is  always  kept  In  cont 
the  cam,  shock  and  noise  being  thus  avoided. 

The  capacity  of  such  a  screen  containing  10  to  12  p 
four  cams  varies  with  the  speed,  the  size  o(  the  slits 
Quality  of  the  stock.  With  No.  S  to  10  slits,  ordinary  wei 
pulp  and  at  a  rate  of  400  to  600  vibrations  per  minute.  It 
two  to  three  tons  per  day;  and  with  No.  10  to  16  silts,  ti 

The  screens  are  often  arranged  In  a  row  as  seen  In  fl 
above  the  wet  machines  and  either  separate  or  forming 
tinuoiis  trough.  They  are  provided  with  an  additional  bo 
ceive  the  screened  slock,  which  may  also  be  made  co 
throuEhout  the  whole  row.  Either  Ihia  last  method  Is  adi 
a  lone  second  trough  Is  added  into  which  all  the  screens  di 
and  from  which  all  the  wet  machines  take  tbeir  supply.  T 
mlts  the  cutting  off  of  any  screen  for  cleaning  or  repairs 
stopping  the  wet  machine  connected  with  it. 
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platea  have  been  ueed  tor  some  time,  and  eapeclally 
IB  balaam  ts  used,  they  become  cloBged  and  must  be 
s  is  uBually  done  with  a  Jet  of  eteam  or,  il  much  gum- 
piece  ol  felt  dipped  in  coal  oiL 

-(in  CenMfvigal  Screen. 

Is  a  cut  of  the  iBaher  ft  Sberlin'a  CentrlCugal  Screen, 
treaents  It  wltb  part  ol  the  casing  taken  off,  and  figure 
B  the  principle  on  wliich  It  works.  As  seen  in  this  laat 
■iflta  of  an  outer  cylinder  or  casing  A.  of  a  cylindrical 


Fig.  2S.    Centrifugal  Screen. 

late  B  perforated  with  amali  round  boles,  of  vauea  T, 
C  perforated  at  different  plates  with  large  holes,  and 

Tertical  shaft  S  on  which  ihe  vanes  are  fastened, 
idmltted  from  pipe  F,  to  which  It  has  been  pumped 
!e  of  cylinder  C;  the  vanes  revolving  at  a  high  speed 
■itugal  pump  (hence  Its  name)  and  cause  the  pulp  to 

It  then  passes  through  the  large  holes  in  (',  which 
Ibute  it  evenly  anl  la  forced  against  the  screen  cylin- 

the  desirable  part,  I.e.,  that  of  a  e&rtain  size  and 
les  through  and  falls  in  //  and  the  undesirable  part, 
a  cblps  and  splinters,  remains   inside  and  falls  In  K; 
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the  good  pulp  passes  from  E  Into  the  distributing  trough  ab 
wet  macblnes,  wblle  the  remainder  passes  from  £  Into  a  ' 
tank  or  a  dumping  place. 

The  holes  In  B  are  round  and.  therefore,  quite  differei 
those  In  the  plates  of  the  vibrating  type,  and  moreover,  in  tt 
the  fibres  must  pass  through  them  more  or  less  end  flrst. 
ever,  the  screening  action  seems  to  depend,  to  a  certain  eit 
a  coating,  as  thick  as  the  distance  from  the  end  of  the  vane: 


cylinder  M  wUI  permit,  which  consists  of  coirse  material  cc 
against  the  Inside  of  the  plate  B,  through  which  coating  t 
must  pass  before  reaching  the  holes  in  the  plate. 

Therefore,  the  screening  action  of  this  type  is  more  i 
I.e.,  not  so  well  defined  nor  so  easily  conceived  as  la  the 
tbe  vibrating  type,  and  henca  can  be  judged  by  results  onl; 
claim  that  one  of  these  centrifugal  screens  will  do  the  wor 
many  as  10  of  the  vibrating  type;  that  It  requires  much  lesi 
and  largely  reduces  the  waste.  On  the  contrary,  others  wo 
use  them  because,  as  they  say,  they  Injure  the  felting  powe; 
pulp,  which  they  render  mealy  or  short  by  breaking  the  Ion 
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The  stock  «nUr8  the  scrMn  at  the  tiottom  by  m«ut 
pipe  rlslDS  straight  up  at  the  centre  of  the  screen  and  is  d 
against  the  screen  plates  by  means  of  four  or  more  amal 
vhlch  radiate  from  the  CMitre  pipe  in  different  dlrecUoni 
the  Baker  A  Sherlln  Screen,  the  screen  plates,  and  not  t 
pipes  and  vanee,  revolve  In  this  machine,  and  usually  ai 
of  60  to  TO  R.P.U.  This  produces  a  ceatritugal  force,  i 
sether  with  the  force  with  which  the  stock  is  diBcharge< 
the  radial  pipes,  carries  the  desirable  pulp  through  the  ho 
the  coarser  material  remains  Inside  and  gradually  falls  do 
sliver  outleL 

The  outside  of  the  plates  is  kept  constantly  clean 
of  a  brass  shower  plpei  a  larger  capacity  being  then  aftor 
screened  stock  comes  out  through  the  pipe  shown  at  th 
flgure  31,  and  the  slivers  by  the  elbow  at  the  bottom. 

The  plates  are  driven  by  a  pulley  on  the  top  ol  the 
snd  are  carried  by  a  roller  bearing  of  hardened  tool  ste 
contains  14  one-Inch  st«el  balls. 

Like  the  Baker  &  Sherlln  Screen  the  screening  is  don 
round  holes,  and  most  of  what  has  been  said  regardli 
apply  to  the  Moore  Screen. 

The  manutactuiers  claim  an  output  of  five  tons  of  pi 
hours,  with  an  expenditure  of  three  horse  power. 

Most  ot  the  screens  have  a  capacity  of    20    to  25    to 

Wet  Machines. 

Theoretically,  when  the  pulp  has  been  screened  the 
cal  process  of  extracting  and  preparing  fibres  from  wood 
aod  the  product  Is  ready  for  the  paper  mill.  This  Is  aci 
case  when  the  pulp  Is  employed  immediately  for  the  proc 
pajier  or  cardboard,  which  some  ot  our  Canadian  mills 
ture,  but  the  large  bulk  la  produced  for  exportation  and, 
has  to  be  put  into  convenient  form  for  handling  and  shli 

The  wet  machines  are  used  to  extract  the  pulp  from 
which  holds  it  in  suspension,  and  to  turn  It  into  sheet  I 
tainlng  a  conveniemly  low  percentage  of  water.  First, 
a  vat.l  into  which  the  pulp  la  admitted  from  the  screei 
the  cylinder  Jl,  partly  submerged.  Is  a  frame  work  covi 
very  closely  woven  brass  wire  cloth,  which  allows  the 
pass  through  while  the  pulp  it  contains  adhwea  to  it 
surface;  the  couch  roll  C  presses  the  felt  D  against  the 
B.  causing  it  to  take  up  all  the  pulp  adhering  to  the  cylln 
ins  the  wire  cloth  comparatively  clean;  the  loaded  felt  th 
over  roller  E  which  guides  its  direction,  over  suction 
draws  out  part  ot  the  water  in  the  pulp  through  the  felt, 
ler  G  and  between  the  press  rolls  B  and  E;  the  latter 
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water  and  the  pulp  gatlierB  around  the  upper  roll  if. 
V  unloaded,  passes  over  stretch  roll  L,  over  roll  M,  Is 
Mer  .V,  washed  br  sprtnkler  P,  passes  over  guiding 
I,  between  the  rolls  8  and  T,  which  press  out  the  water 
)ver  roll  V  and  again  over  cylinder  B.  taking  a  fresh 
and  so  forth  continuously. 

A  is  made  of  ordinary  pine,  Is  water  tight  and  pro- 
>ntlet  plpea.  etc.  The  cylinder  cloth  must  be  of  very 
tlon  BO  that  no  pulp  will  pass  through  the  meshes  nor 
too  strongly;  the  ends  ol  the  cloth  should  be  sewn 
not  soldered    as    Is  sometimes  done,  IwcauBe,  at  such 


^g.   37,  Sectional  elevation  of  Wet  Screen. 


mnectlon,  water  will  not  pass  through,  hence  no  pulp 
D  that  part  of  .the  cylinder  and  a  gash  across  the  sheet 
result  with  each  revolution,  thus  decreasing  the  capa- 
achlne.  The  couch  roll  C  la  usually  made  of  cast  Iron 
over  with  soft  India  rubber,  which  facilitates  the  re- 
pulp  from  the  cylinder  B  by  th3  felt.  The  felt  O  Is 
t  26  ft,  long  and  72  laches  wide  and  Is  wovea,  in  a 
idless  form,  of  the  best  wool.  Grey  Canadian  wool  Is 
for  the  work  and  gives  as  good,  if  not  a  better  ser- 
'.  Most  of  the  rolls  are  made  of  wood  with  the  excep- 
Jll  K. 

e  Is  taken  that  the  collecting  roll  11,  which  is  formed 
piece  of  hardwood,  la  made  perfectly  true  and  1b  never 
•J,  ao  that  the  surface  will  not  be  cracked  nor  spUt. 
lox  is  covered  with  a  perforated  plate,  and  as  the  felt 
the  water  is  sucked  down;  some  advocate  that  this 
should  be  connected  with  the  draft  tubes  of  the  tur- 
.  ot  suction  pumps,  but  the  disturbance  and  loss  of 
ly  caused  exceeds  that  involved  in  the  operation  of 
ay  mills  prefer  doing  without  suction  boxes  on  the 
I,  leaving  the  work  of  driving  out  the  water  from  the 
o,the  press  rolls  and  partly  to  the  hydraulic  presses; 
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they  claim  tbat  auction  boxes  wear  out  tbe  telts  mucli 
whicb  seems  to  be  reaaoaable,  and  it  Is  a  question  wbet 
produce  a  drier  pulp.  The  press  rolls  are  tightened  tos 
means  of  a  spring  and  band  wbeel  at  both  ends  of  th«  t 
roll  H  except  In  the  case  ol  tbat  newly  dealgned  by  tbe 
Machine  Co.,  of  Sherbrooke,  Que.,  where  water  pressure 
connected  to  lever  arras  at  both  sides  of  tbe  machine  are 
do  this  work,  this  Improvement  Insuring  a  more  evenly  dl 
pressure  between  Che  two  rolls,  and  therefore  a.  more 
bheet.  Wben  a  sufficient  thlckaesa  of  separate  sheets  of  I 
gathered  on  the  coHecting  roll  II.  the  attendant  cuts  t1 
with  a  "doctor"  or  knife,  or,  by  means  of  a  pointed  stick 
wood  which  be  passes  quickly  across  under  the  sheets.  i 
lower  end  Is  grasped  and  the  toll  allowed  to  complete  Iti 
tion,  tbe  sheet  falls  on  the  table  In  front  ot  the  machine. 
Is  folded  and  sent  to  tbs  hydraulic  presses.  The  guide 
made  of  wood,  on  which  a  certain  thickness  of  cloth  is 
a  Bpiral  form,  and  by  means  of  a  conveniently  placed  hai 
can  be  moved  by  the  attendant  to  one  side  or  the  other,  tl 
Ing  the  travelling  felt  In  a  proper  direction.  The  beat 
made  of  four  arms  attached  to  a  revolving  shaft,  and 
with  water  from  the  perforated  pipe  P  cleans  the  felt  froi 
purities.  The  press  rolls  S  and  T  are  ot  cas'  iron  and  ar< 
together  by  screws;  they  squeeze  the  water  out  ot  the  fe 
it  takes  a  fresh  load  ot  pulp  from  the  cylinder  B.  The 
the  machine  is  of  ordinary  cast  Iron. 

The  capacity  of  an  ordinary  grey  Canadian  felt  72  Incl 
Is  an  average  ot  five  tons  dry  per  Zi  hours,  with  a  speed 
50  ft.  per  minute;  when  new  it  will  carry  more  than  whf 
worn  out.  These  felte  last  from  four  to  eight  weeks,  accf 
the  treatment  they  receive. 

If  resinous  balsam  is  used,  the  capacity  ot  the  m> 
much  lowered,  as  the  resultant  clogging  ot  the  cylinder 
an  Irregular  layer  which  the  gummed  felt  will  not  pick  up 
The  cleaning  is  done  as  in  the  cass  ot  tbe  screens  by  st 
coal  oil. 

HaiitUhig  and  Pnxaiiig. — 

The  sheet  of  pulp  from  the  press  roll,  usually  l-S  to  1' 
Inch  In  thickness,  is  folded  on  the  wet  machine  table  so  tl 
are  no  edges  showing  on  the  outside  and  ends,  the  Bn 
being  about  24  by  16  Inches  In  size  when  a  72-Inch  wet  m; 
employed. 

This  pulp  contains  about  65  per  cent,  or  so  ot  water  d 
on  tbe  use  or  disuse  ot  a  suction  box  and  on  the  pressure 
the  press  rolls.    As  the  cost  of  shipping  such  a  comblaati 
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iter  and  35  per  cent,  of  pulp  would  be  ua economical 

uee  prohibitive,  tbe  percentage  oF  water  is  reduced 

ydraullc  presBea. 

;  Folded  the  aheets  are  put  on  a  trucli  upecially  con- 

le  purpose  and.  between    eacb    one    or    two  Folded 

laterial  as  old  felt  or  wire  netting  la  Inserted;  ttie 

la  to  facilitate  the  removal  oF  the  water  when  pres- 

L    Some  mills  use  wire  nettlog  only,  but  If  tbla  is 

he  pulp  1b  liable  to  become  spotted  with  rust,  which 

ch  Its  value. 

will  not  serve  the  purpose  quite  as  well  as  a  com- 

ith  felt  and  wire  netting.  In  which  case  a  piece  of 

[  between  each  sheeL    and    a.    piece    of  wire  netting 

ilecea  of  felt  every   three   or  Four  Sheets.     When   the 

1  U  is  rolled  to  the  presses. 

:  la  conatructed  with   such   a   distance  between   the 

lien  ttie  ram  or  platen  of  the  press  rises  it  is  borue 

ad  of  pulp,  which  is  pressed  without  any  Injury  to 

s  dispensing  with  unloading  it 

I   press   is    of    very     heavy     construction,     the   lower 

Iron  having  a  brass  lined  cylinder,  the  piston  and 
e  of  steel,  while  the  top  piece  and  the  platen  are  oE 

top  piece  is  supported  and  kept  In  place  by  means 
steel  rods  with  screw  and  nuts  at  both  ends. 
ire  used  Is  From  1,500  to  5,000  pds.  per  square  inch, 
d  by  triplex  pressure  pumps  of  usual  design.  In 
I  the  platen  of  the  press  more  rapidly  up  before  it 
1  and  down  after    pressing    the    cylinder    is  usually 

low  pressure  pump,  or  the  discharge  from  the  bot- 
llnder  may  he  let  into  the  air,  allowing  the  platen 
ater  out  by  its  own  weight. 

itage  of  water  in  the  pulp  after  preaaing.  Is  usually 
rhls  varies  sometimes  from  45  to  55  per  cent.,  depend- 
!asure  applied  and  on  the  felting  between  the  sheets, 
r  practical  extent  on  whether  a  suction  bos  and  very 

between  press,  rolls    bave    been    used    la   the  wet 

t  of  the  presses  Is  to  get  .that  percentage  of  water 
sible,  and  their  practical  limit  Is  reached  when  tbe 
about  45  per  cent,  of  water.  To  reduce  this  percen- 
ithods  with  best  as  an  agency  must  be  employed; 
considered  later. 


s  pressed,  the  -pulp  has  to  he  baled  into  bundles 
Ulpment.  Prom  tbe  presses  the  trucks  are  roiled  to 
a  sufficient  number  of  sheets  are  weighed  to  form 
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ft  standard  iiDiform  weight  o(  dry  or  wet  pulp.  Thta 
welgbt  or  amount  of  pulp  Is  tben  removed  to  a  press.  ' 
sists  or  cast  Iron  top  and  bottom,  beld  together  by  ( 
rods;  tbe  pressing  la  accomplished  by  means  of  two  koe 
out  or  drawn  in  by  a  scr'ew  and  sprocket  wheel  drl' 
chain,  and  tbe  driving  Is  so  arranged,  that  vhen  a  certain 
Is  appileij  the  driving  pulley  [alls  out  Of  gear  and  auto 
stops  pressing.  When  the  pulp  Is  placed  in  this  press, 
three  laths  are  laid  under  and  on  top  of  It.  and  wblle 
to  pressure,  the  whole  ia  tied  by  means  o[  (our  or  t 
la,Berted  in  grooves  at  tbe  top  of  tbe  bottom  casting  ex 
bottom  of  the  follower.  Pressur*  is  then  relieved  and 
is  ready  for  shipment.  Sometimes  a  wrapper  Is  used, 
often  found  more  expensive  than  the  loss  of  pulp  occurring 
It  there  is  a  chemical  pulp  mill  in  connection,  a  ahe«t 
this  process  will  he  tough  and  answer  the  purpose  very 
at  a  small   cost. 

Ttsta. 

There  are  two  kinds  of  testa,  (or  quality  and  for  perci 

For  testing  tbe  quality  ot  'the  pulp  at  the  mills,  the  I 
methods  are  largely  used:  a  glance  at  the  sheet  from 
machine  with  a  strong  magnifying  glass  will  tell  th 
whether  the  pulp  Is  too  coarse  or  too  short;  again,  as  tl 
1-S  or  1-10  of  an  inch  thick  Issues  from  the  wet  machine 
tbe  hydraulic  press,  a  p;ece  may  be  torn  off  and  .folded  twl 
cracks  or  spills  appear  after  this  operation  the  pulp  Is  cc 
good.  Again,  a  thin  sheet  when  held  to  the  light  should  no 
too  large  splinters  or  chips.  There  are  many  other  aucl 
tests  that  may  be  made  and  are  employed  by  different  i 

The  tests  for  determining  the  quantity  ot  water  in  tbe 
performed  by  taking  samples  through  different  parts  of  t 
and  weighing  them  Immediately,  and  then  again  after  th 
been  dried  by  heat;  the  difference  In  weight  gives  the  pe 
ot  water  in  the  pulp.  This  is  a  very  delicate  operation, 
which  requires  sliiil  and  Judgment. 

The  perceniage  ot  water  in  a  bale  differs  at  varlou 
throughout  the  bale,  being,  Immediately  after  pressing,  gr 
the  edges  than  in  tbe  centre.  Tbe  percentage  also  varies  co 
from  the  time  the  bale  is  pressed  until  It  is  used  at  tl 
mill,  due  to  the  drying  up  ot  the  sides.  The  weight  also 
from  loss  ot  pulp  in  manipulation  and  handling. 

These   variations,   which    are   the    cause    of  ( 
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3  purchaser  and  seller,  bsTe  originated  a  movement 
(Tarda  ataudardixlng  methods  or  testing, 
satisfactor;  method  ol  determining  a  weight  agree- 
lurchaser  and  seller,  la  for  both  parties  to  determine 
i  of  water  In  the  bales  when  It  is  most  uniform,  i.e., 
:eB  from  the  hydraulic  press. 


>ned  before,  this  mechanical  process  tranalorms  Into 
ly  all  the  solid  substance  of  the  wood  except  the 
Y  loss  occurring  in  the  splinters  that  pass  tbrougQ 
'hlch  are  too  large  to  pass  through  the  screen  boles. 
!  green  spruce  weighing  4,400  lbs.  will  weigh  about 
being  barked;  this  will  produce  on  the  average  1,900 
cent  ol  the  weight  of  the  green  wood;  the  remaia- 
t,  being  the  water  in  the  wood  and  the  waste  occur- 
,he  process.  Such  a  cord  ot  wood  treated  br  the 
ite  process  would  yield  from  1,000  to  1.300  lbs.  dry 

Palp. 

leen  that  pulp  when  baled  contains  from  45  to  S5  per 
;  50  per  cent,  being  somewhat  a  standard  *m  most 
this  pulp  has  to  be  hauled  only  a  short  distance,  tbis 
water  Is  not  a  very  serious  dIBIculty  as  the  freight 
nail  and  the  pulp  can  be  more  easily  reduced  to  a 
,  but  this  is  not  the  case  when  it  has  to  be  carried 

ited  near  seaport  3,  ?uch  aa  those  In  (Juebe:  and  the 
Inces,  can  atill  afford  to  export  50  per  cent,  of  water 
p,  but  such  conditions  are  ruinous  to  those  situated 
hence  with  longer  railway  transportation.  This  IS 
ly  some  United  States  paper  mi!l3  can  Import  their 
id  barked  instead  cr  moving  the  pulp  mills  to  tbe 
Ing  their  pulp  to  the  paper  mills. 
tiao  seen  that  the  percentage  of  water  or  pulp  is  a 
ute,  and  that  we  must  use  heat  to  reduce  it  below 

e  largest  mills  in  Canada  has  been  turning  out 
Iried  pulp  with  a  machine  whose  principle  is  lllua- 
e  38.  The  Brst  part  la  the  sami  as  an  ordinary  wet 
felt,  press  rolls,  etc,  but  the  pulp  Inslead  of  col- 
one  of  the  press  rolls  la  taken  up  by  aaother  felt 
a  roll  end  a  large  drum  heated  by  steam,  around 
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:he  Bbeet  of  pulp  from  tbe  felt  Is  made  to  pass  and 
m  a  Bplndle  at  tbe  other  side  ready  tor  shipment, 
line  Is  simple  and  works  economically,  but  tbe  dlffl- 
«ep  that  single  drjim  at  such  a  temperature  that  Ui 
pulp  without  burning  or  scorching  It. 
at  this  tendency  (o  seorching  In  a  single  drum,  ma- 
several  drying  drums  have  been    tried   without  very 

1,  we  may  say  that  heretofore  most  of  tbe  mechanical 
Tying  pulp  bave  not  been  a  auccesa,  and  that  there 
1  for  Improvement 


>iial  eloviLtiuii  of  Dry  Pulp  Miiclii 
HHry  wet  machine.     From  C 


mKbod  giving  perfect  results  Is  by  means  of  bot  air, 
pulp  sheets  are  exposed,  and  this  method  Is  not  em- 
nerlca.  Many  mills  In  Scandinavia  have  adopted  It 
It  by  so  doing.  Its  principle  Is  this:  Pulp  sheets  are 
ts  and  made  to  pass  through  a  chamber,  at  one  end 
t  air  Is  admitted,  and  after  being  exposed  for  some 
hot  air  they  come  out  dried.  Tbls  is  achieved  by  two 
e  (oirei-  and  tbe  chamhrr  processes. 
1  r&presents  the  Uiicer  process.  The  pulp  sheets  are 
ks  represented  In  llgures  40  and  41  until  tbe  rack 
each  end  Is  connected  to  a  long  linked  chain  at  A, 
It  goes  up  B,  comes  down  ('  and  goes  out  at  D  dry. 
1  at  E,  goes  up  C.  down  B,  to  a  tan  /■'  and  back  to 
H  reheated. 

iber  process  Is  practically  tbe  same;  tbe  only  dlfler- 
;he  Tact  that  the  chains  carrying  the  racks  move  horl- 
ead  ot  vertically. 

reason  (which  Indeed  Is  an  Important  one)  why  these 
I  not  used  on  this  continent,  is  the  great  cost  involved 
:altatlon  and  operation;    not  only  is  a  large  building 
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ot  special  construction  required,  but  during  the  process, 
dividual  sbeet  of  pulp  must  be  bandied  eeveral  times. 

Generally,  wben  the  pulp  Is  not  very  well  wrapped 
not  much  advantage  in  drying  It  over  about  90  per  cent. 
it  will  absorb  enougli  water  from  the  atmosphere  to  n 
percentage  when  exposed. 

HuoHES'  PRocEes. 

The  Riviere  du  Loup  Puip  Co.,  of  FraaervlUe,  Que.,  1 
atltuted,  In  their  recently  built  pulp  mill,  a  new  proces 
the  Hughes  Process)  tor  preparing  the  pulp  for  shipment. 

In  this  process  the  pulp  la  ground  and  screened  i 
ordinary  way,  but  from  the  screen  the  pulp  passes  over 
form  'Of  "slush  machine,"  which  extracts  the  greater  pa 
water,  leaving  the  pulp  of  about  the  consistency  of  porrl 
thla  form  It  is  pumped  directly  Into  the  Hughes  Bgdrau 
Uat'hineg.  which  consist  of  a  compression  chamber  dlvi 
four  spaces  by  drainer  pUtee  covered  with  wire  cloth, 
compreEslon  chamber  a  hydraulic  cylinder  is  attached,  i 
any  desired  pressure  can  be  eierted. 

The  pulp  is  admitted  to  this  compression  chamber 
pressure  U  applied,  which  extracts  the  water  through  th 
plates,  and  the  finished  product  is  delivered  In  the  form 
20"  by  26"  by  \"  thick. 

As  seen  above,  the  ordinary  wet  machine  and  bydrai 
are  replaced  by  the  Hughes  Preas,  with  the  result  that 
sheet  of  pulp  porous  and  spongy  is  produced  as  compare 
matted  or  Interlaced  thin  sheet  obtained  by  the  ordlnar; 

The  percentage  of  water  In  both  sheets  should  be 
mately  the  same  If  the  same  pressure  has  beeu  applied 
former  is  appreciably  more  readily  reduced  to  a  liquid  m: 
In  the  beating  machines  of  a  paper  mill. 

The  new  press,  requiring  as  It  does  little  more  power 
ordinary  hydraulic  press,  has  this  In  its  favor,  that  It 
with  wet  machines  together  with  the  power  necessary  ti 
them,  while  the  amount  of  fioor  space  thus  occupied  is  sa 

If  these  presses  prove  as  successful  in  their  operati 
anticipated,  thetr  Invention  will  mark  a  distinct  advanc< 
pulp  Industry. 

Uses  of  Mechanical  Wood  Pulp. 

The  chief  use  of  mechanical  wood  pulp  la,  of  course 
vide  a  paper  making  material.  It  has  many  other  uaf 
yearly  increase  In  number  and  Importance,  but  at  presen 
be  said  to  be  all  practically  employed  In  the  making  o(  p 
cardboard. 

We  have  now  examined  the  essential  properties  of  : 
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res  from  which  it  Is  derived,  and  the  different  pro- 
;h  It  Is  obtained  Irom  wood;  we  have  also  Been  the 
veen  a  chemical  and  a  mechanical  pulp,  and  wnr 
aturall}'  Interior  in  quality.  Tlila  1b  why  mechanical 
■.B  not  produce  a  paper  ol  good  consistency;  It  Is  (or 
at  it  goes  only  as  a  percentage  In  the  manufacture 

B  ago  It  was  thought  that  50  per  cent,  of  mechanl- 
B  much  as  could  be  allowed  in  the  cheapest  kind  of 
account  of  more  Improved  methods  of  manufacturing 
and  pulp,  as  much  as  85  per  cent,  and  even  Sniper 
used  in  some  of  the  "News"  paper.  This  is  the 
[jmum,  while  the  percentage  below  that  may  be  any- 
I  zero,  according  to  the    quality    o(    the  paper  pro- 

largely  used  for  cardboard  and  wrapping  paper, 
entage  is  again  greatly  varied. 

paper  and  cardboard,  wood  pulp  is  now  employed  in 
re  of  a  great  number  of  articles  ot  common  use, 
tubs,  trunks,  cases,  barrels,  etc.  Complete  houses 
wheels  have  been  made  of  it. 

Manitfacture  op  Paper. 
)ut  our  system  of  treating  this  eubject,  it  is  neces- 
short  description  of  the  manufacture  of  paper, 
pulp  is  brought  in  bales  to  the  paper  mill  it  is  first 
;ether  with  a  proper  percentage  of  other  kinds  of 
er  into  a  beating  machine  where  ail  the  particles  are 
.  each  other;  from  there  it  is  sent  >to  a  tank  or  to  a 
the  desired  amount  of  loading  or  sizing  material, 
I  or  talc  is  added,    and    the    whole    is  bleached  or 

case  may  be;  this  is  then  diluted  with  a  large 
ter  BO  as  to  form  a  very  fluid  substance.  In  this 
itted  to  a  F^urdrinier  machine,  where  the  water  con- 
p  is  allowed  to  flow  to  a  certain  depth  on  a  travelling 
ich  retaina  the  pulp  and  allowa  the  water  to  pass 
tire  sheet  then  passes  over  suction  boxes  and  delivers 
ree  successive  felts  on  which  it  is  pressed;  from  the 
heet,  now  of  a  certain  consistency,  passes  around  a 
ig  drums  and  cylinders,  through  a  calendar,  which 
r  a  required  glaze  and  Anally  the  sheet  is  rolled  or 

MT   AHD   Valite  op  Mecrabical   PULr. 
jf  producing  a  ton    of    mechanical    wood    pulp    In 
Ing  the  cost  of  wood  to  be  about  (4.00   per  cord,   la 
(9.00  under  ordinary  favorable  circumstances.     The 
and  what  Influences  tbe  most  its  value  at  the  mill, 
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lb  tts  transportation  to  markets.  In  our  case.  Great  Bi 
the  United  States  prlnclpallr. 

The  price  paid  In  Great  Britain  Is  Bometlmes  as  low 
to  flS.OO,  and  as  blgb  aa  f2S.0O  to  f30.00  per  ton,  dry. 
on  general  rules  of  supply  and  demand. 

IQ  United  States,  last  year,  the  price  varied  from 
(25.C0  ptr  ton.  dry,  delivered.  Their  Import  duly  Is  a 
per  ton. 

It  Is  generally  considered  that  mechanical  wood  pulp 
a  ton  in  United  States  or  Great  Britain,  could  be  mai 
with  profit  In  moet  parts  ot  Eastern  Canada. 

Statistics  and  Reuarks. 

The  Statistical  Year  Book  ol  Canada  shows  that  6 
calendar  year  1902,  the  wood  pulp  Industry  was  carried 
mills,  tour  oC  which  manufactured  soda  pulp,  nine  sulpbli 
mechanical,  and  four  both  chemical  and  mechanical. 

These  mills  had  an  output  of  240,9S9  tons;  of  this  qua 
210  tons  were  mechanical  pulp,  76,735  tons  aulpblte,  and 
soda;  having  a  total  value  ot  f4,3S3,lg2. 

In  ISSl  the  census  returns  show  that  there  were  1 
Ave  pulp  mills,  with  a  total  output  valued  at  163,000.  T 
that  the  growth  of  this  Industry  In  the  last  20  years  bas 
siderable. 

The  customs  returns  for  the  calendar  year  1902,  i 
during  that  year  the  export  of  pulp  amounted  to  |2,G11,S' 
|1  871,518  or  43  per  cent,  for  home  use.  Of  this  export, 
tain  took  $076,172;  United  States,  tl.518,319,  and  other 
J17.333. 

Our  export  to  Great  Britain  was  about  8^i  per  cs; 
ne^ds  aud,  therefore,  all  our  mills  could  not  supply  thel 

Owing  to  the  duty  on  pulp  Imported  Into  the  United  i 
the  facilities  afforded  them  In  securing  wood  for  man 
pulp  In  their  own  mllla,  the  Americans  are  stripping  o 
In  the  Provinces  of  Quebec,  New  Brunswick  and  No 
About  one-half  ot  the  pulp  wood  used  In  the  United  Stf 
rived  from  Canada,  as  their  home  supply  la  becoming  s 
at  the  present  rate  ot  consumption  would  be  exhausted 
century  It  they  could  not  import  wood  from  here. 

It  la  a  well-known  fact  that  we  have  the  largest  i 
forests  in  the  world,  and  this  added  to  our  large  amouni 
able  water  power,  makes  a  perfect  combination  as  a 
wea:th.  According  to  Mr.  J,  C,  Langeller,  of  Quebec, 
supply  the  world  with  1.500,000  tons  ot  puip  annually  for 
with  our  present  forests. 
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lis  wealth  b&fl  been  little  taJcen  care  of,  ae  little 
been  passed    to    preTent    its    waste  and  regulate 

is;  but  the  Canadian  people  are  becoming  alive  to 
of  refores (ration  and  to  the  neceBHity  ot  preserving 

J  strict    regulations    regarding    the    cutting  of  the 

boped  that  in  the  near  future  the  science  of  forestrj 
here  with  the  same  efficacy  it  has  shown  in  some 
a  countries. 

3en  that  great  pains  are  talcen  to  dry  the  pulp  for 
Uso  that  if  paper  and  cardboard  were  made  directly 
dispense  with  wet  machines  and  presses.  Hence 
the  laws  of  economics  will  become  more  adjusted, 
al  and  labor  will  be  saved  by  maldng  paper  and 
itly  at  our  pulp  mills;  then  Canada  will  surely  be- 
est  paper  producing  country  in  the  world. 
amount  of  the  information  contained  in  this  paper, 
idebted  to  the  following; — A  paper  on  the  Process 
ng  Mechanical  Wood  Pulp,  read  before  the  En- 
ty  of  the  School  ot  Practical  Science,  Toronto,  in 
A.  Hare  "89";  to  citslogues  and  dea.Tlptlona  from 
irms:  Jenckea  Ma:?hini  Co.,  Snerlirooka,  Que.;  The 
ne  Works  Co..  Branttord,  Ont.,  and  Carrier,  \ja\a& 
iue.,  and  to  dIDerent  articles  published  in  the  Cana- 
ui  and  in  the  Pulp  and  Paper  Magazine,  both   ot 
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IK  waa  beld  Thursday,  January  19th.  1905,  Mr.  Phelps 
he  chair.     The  followiog  paper  waa  read:  — 


By  W.  F.   Dhysdale,  S.  Can.  So:.  C.  E. 

motlTe  croBshead  la  that  block  which  connects  the 
iBton  rod  with  the  Email  end  of  the  connecting  rod.  and 
veen  guides,  prevents  undue  strain  being  transmitted 
inectlon.  It  must  be  so  simple  as  to  be  easily  handled 
repair.  It  must  be  strong  enough  to  withstand  a  large 
)ugb  usage  due  to  accident  rather  than  piston  thrust, 
must  be  so  designed  that  little  work  is  absorbed  by  it 

I  endeavour  to  study  Its  development  from  Its  earliest 
standard  types  as  now  used  on  modern  locomotives.  . 
I  Trevlthlck'e  locomotive  of  1803  had  no  crosshead.  In 
Idled  the  three  main  features  of  one,  namely,  piston 
in,  main  rod  connection,  and  a  common  guide  for  both, 
a  plan  and  side  elevation  of  this  arrangement  where 
Iston  rod,  "c,  c"  the  connecting  rods  fastened  to  the 
d  guided  by  the  bars  "b,  b." 

K)  shows  a  modification  of  the  above,  In  which  only  oda 
□d  waa  used. 
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Steyeiuson'8  "Rocket/*  1829,  was  the  first  locomotive  to  use  a 
crosshead.  This  consisted  of  a  small  block  running  between  two 
guides;  a  short  connecting  rod,  which  must  have  caused  great  ver- 
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tical  thrusts  on  the  guide  bars,  was  a  noticeable  feature.  In  the 
early  thirties  American  designers  adopted  a  crosshead  which  was 
girded  top  and  bottom  by  round  bars,  (fig,  2.)     Lack  of  ready  ad- 
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are  connected  on  each  side  to  a  single  bead.  The  four 
ices  are  situated  boriEontall]r  outside  and  Tertlcallr  be- 
iBtoQ  rods.    An  open  hearth  steel  casting  with  block  tin. 


Cast  Steel  Crosshead,  G.  T.  Rv.  Systeu, 
20  z  26  Bnglnee  and  Rich.  Comp. 
lining,  for  all  bearing  surfaces,  and    a    separate    eteel 
principal  features.    It  is  a  well  designed  crosshead  and 
ittle  trouble  on  the  road. 
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IdeB  are  always  subjected  to  great  vertical  strains.  To 
i  they  must  be  strongly  bolted  at  the  front  end  to  the 
ler  bead,  and  at  the  back  end  to  the  guide  yoke  (see  flg. 
I  turn  is  bolted  to  the  engine  frame,  and  usually  also  to 

ctlon  of  the  guide-bar  fs  always  greatest  opposite  the 
be  crosshead  stroke,  as  tbis  is  tbe  place  where  the  max- 
ird  thrust  takes  place,  and.  since  most  bars  are  supported 
,  here  .the  greatest  bending  momeat  is  found'.  Guide  bare 
>f  steel,  cist  Iron,  and  wrouglic  iron.  It  la  the  opinion 
llToad  men  tbat  the  cast  Iron  bar  giTee  the  beat  satlsfac- 
Tbe  rubbed  faces  of  tbeae  bars  are  often  chilled  In 
.Tips  to  make  them  wear  better.  All  wrought  Iron  bars 
.rdened  and  ground. 

letter  ttifit  the  Burtace  of  the  slipper  blocks  should 
e  tbe  guide  bars:  to  ensure  this  tbe  slipper  blocks  are 
a  softer  metal  than  the  guides  are  made  o(. 
p  bar  must  be  made  stronger  than  the  bottom  bar,  tor  in 
work  the  engine  Is  running  In  forward  gear  more  often 
running  backwards — now  while  in  forward  gear  all  pres- 
I  oil  the  top  bar  and  vice  versa — the  reason  tbat  this  is 
idily  be  seen  by  eiamining  fig  21.  By  taking  the  cam- 
i  in  two  pOBltions  for  each  direction  of  motion,  and  re- 
1  forces  and  reactions  which  keep  It  in  equilibrium,  by 
e  of  forces  we  can  see  that  this  statement' is  so.  Of 
here  suppose  tbat  tbe  centre  of  the  cylinder  comes  In 
with  tbe  crank  pin  centre;  If  this  is  not  so,  the  statement 
iluteiy  correct. 

10  we  see  a  bar  supported  at  a  point  two-flttbs  of  Its 
n  the  end.  This  Is  a  good  feature,  in  that  the  bar  re- 
maximum  thrusts  cloae  to  its  point  of  support. 
:esa  on  the  guide  bars  is  due  to  the  pressure  of  the  steam 
Uin,  acting  obliquely  on  tbe  crank,  and  ia  greatest  when 
Is  at  right  angles  to  tbe  connecting  rod.  We  shall  here 
ler  the  maximum  thrust,  and  for  simplicity,  we  will 
he  ateam  pressure  constant  throughout  the  stroke; 
the  weight  of  parts,  inertia  forces,  and  frictional  loss  In 
id  gland.      See  flg.  24. 

lax.  when  A.  B.  C.  Is  a  right  angle.  From  similar  tri- 
lay  readily  be  seen  that 


ill  by  tbe  above  formula,  knowing  the  values  of  P.  n.  and 
inertia  of  the  guide  bar.  etc.,  determine  the  relative  re- 
t  tour  types  of  bar.    See  "Table  I." 
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Clearance  cuts,  at  the    end    of  th«    toide    bars     (iM    "d     d." 
flg.  18)  are  placed  tbere  to  prevent  the  tomiAtion  of  a  ridge  at  the 
point   where  the  croosbead  reverses,  thua  prevenUnK.    binding  and 
FIG  la. 


-&-. 


i^S. 


Cross  HEAD,    Bai.uw 

throwing  off  any  grease  i 
gathered. 


I  Li>ro.   14  I  22  i>-cHE8,  Switcher. 
dirt    which   the    crosshead    may    have 
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Fbiction  Between  Slipper  and  Ouidk. 

Considerlog  tbe  (act  that  parallel  motioDS  are  not  used  in  loco- 
motive construction,  particularly  In  transmitting  power  from  the 
cylinder  to  the  driving  wheel  crank,  we  have  to  reckon  with  a  con- 
siderable loes  of  power  In  friction,  due  to  the  resisting  torces  ol  con- 


® 
®« 

®' 

•® 


titrnloed  motion.  It  is  the  duty  of  the  designer  to  so  coastruct  his 
parts  tbat  this  loss  may  become  a  minimum.  The  frlctlonal  loss 
due  to  the  weight  of  the  reciprocating  parts  on    the    bare    is   neg- 
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umpared  wllb  that  due  to  ttae  upward  and  downward 
led  b7  the  angularity  ol  the  coDoectinK  rod.  To  reduce 
must  therefore  leusthen  our  conoectlng  rod  and  tbereby 
ngularlty.  Again,  the  trlctlonal  lose  may  be  reduced  by 
rubbing  surfaces  made  of,  or  lined  with,  some  form  of 


lal  material;  also  b;  taking  care  to  bave  these   surfaces 
well  lubricated. 

g  the  pressure  on  the  sliding  blocks,  and  their  dlmen- 
hall  compare  the  intensities  of  pressure  to  which  the 
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Tarlous  materials  UHd  are  subjected.  In  a  preceding  paragra. 
Dieana  of  determlnlag  the  maximum  thrust  on  the  guide  bar. 
explained.    Taking  thla  value  and  dividing  it  by  the   area 


sllpppr  block  we  arrive  at  the  Intensity  of  pressure.  It  la  true  Iha' 
this  intensity  decreases  at  the  ends  of  the  stroke,  and  as  Uie  speed 
rises,  but  we  are  here  dealing  with  the  severest  test  it  must  under- 
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11  U.he  place  on  starting,  when  the  value  of  the  ca- 
ictlon  (u)  la  Ereateet.  Knowing  the  amount  o[  thrust 
bar,  and  the  value  of  "u"  for  reet,  wa  can  readily  com- 
unt  of  force  retiutred  to  move  the  croashead  from  rest. 

of  IntenBlty  of  pressure  on  guide  bars,  an  authority 
comotlves  having  eteel  or  case-hardened  wrought  Iron 
lEure  1b  sometimes  as  high  as  120  lbs.  per  sq.  la.  This 
high,  and  will  soon  wear  down  the  guides  and  cross- 
'be  pressure  per  square  Inch  should  not  exceed  40  lbs." 

the  above  with  values  seen  In  "Table  II." 
sure  of  oil  or  other  lubricant  between  the  rubbed  sur- 
Q  reduce  the  friction  and  lessen  the  heating. 
ie  bar,  slipper  block,  and  crosabead  casting  must  be  of 
Lime  to  allow  the  heat  to  dissipate  freely,  or  else  it  will 
3eult  In  "running  hot." 

to  determine  the  starting  effort,  maintaining  effort, 
iwer  waated  In  friction,  a  value  of    "u"    for  crosshead 

necessary.  All  mechanical  engineer's  hand  books  con- 
rhich  are  approximately  true.  Local  conditions,  such 
irature  of  sliding  surfaces,  lubricant  used,  speed  at 
,  have  a  great  deal  to  do  with  these  values. 
to  And  the  co-efficient  for  crossheail  and  gu^de  as  used 
ea  now  being  bui't  by  the  Grand  Trunk  Railway  In 
it.,  Chariee  Works,  the  writer  resorted  to  the  following; 
Ml:— A  bottom  guide  bar  was  placed  flat  on  the  floor,  a 
:kle  was  fastened  to  one  end  Of  the  bar.  while  the  cross- 
owed  to  He  freely  on  the  level  surface  of  the  bar.  The 
;lile  then  gradually  raised  one  end  of  the  bar  while  the 
ted  as  a  pivot.  This  operation  was  performed  slowly, 
g  constantly  rapped  With  a  copper  hammer  to  prevent 
11  the  angle  of  repose  was  reached  and  the  crosshead 

rest.  The  angle  (h  was  determined  by  means  of  a 
ind  protractor. 


wl 

ng  were  the  results:  — 

B tally  determined. 

II. 

Coiidilioin. 

EemsrliB. 

ght 

AWT, 

dry. 

AtnioBpIieric  lemp. 
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58 


Drysdah  on  Locomotive  Crossheads 


Jenkin  and  Ewlng's  results. 


Surfaces. 

Cast  Iron  on 
Wrought  Iron 

Steel  on  Brase. 


«, 


.171 
.146 


CouilitiouB.      I 


dry. 
oiled. 


Design  of  Crosshead  Pin. 


The  cro8»head  pin  must  be  placed  in  a  position  where  it  will 
create  no  bending  moment,  and  will  distribute  the  vertical  thrust 
equally  over  the  slipper  block.  This  being  so,  there  only  remains 
one  place  for  it,  and  that  is  the  intersection  of  the  line  througfi  the 
cylinder  and  piston  rod,  and  a  line  dropped  vertically  from  the 
centre  of  the  slipper  block.  Its  position  having  been  determined, 
it  must  be  so  dimensioned  as  to  resist  shear  and  bending  momenta 
on  it  as  transmitted  to  the  connecting  rod;  it  must  be  of  largtl 
enough  diameter  to  reduce  the  intensity  of  pressure  on  it  to  within 
certain  limits;  and  it  must  be  ehort  enough  to  allow  for  the  side 
twist  which  is  present  at  times  on  locomotives.  It  must  always  ba 
of  sufficient  volume  to  absorb  and  conduct  the  heat  of  friction,  and 
be  so  prepared  as  to  give  little  trouble  when  running. 

Crosshead  pins  are  usually  made  of  high  grade^  steel  or  case- 
hardened  wrought  iron  and  sometimes,  where  the  pin  is  part  of  the 
crorshead  casting,  of  cast  iron.  They  are  made  flat  top  and  bottom 
to  give  clearance  for  the  oscillations  of  the  brass  and  to  leave  a 
bearing  where  the  thrust  comes.    Thus: — 


•^< 


»■ 


Locomotive  wearing  parts  must  be  so  designed  that  they  can  be 
readily  adjusted  to  wear.  In  crosshead  pins  the  wear  is  usually 
taken  up  by  wedging  the  brass  bushes  together.  Now,  the  greatest 
pressure  comes  on  the  front  and  back  of  the  brasses;  and  as  these 
are  closed  together  the  sides  have  to  be  eased  off  with  file  or 
scraper.  This  is  the  reason  that  pins  are  often  made  of  ellipticsl 
snape,  and  the  brasses  are  always  eased  off  before  being  put  into 
place. 
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ig  the  maximum  thruat  on  tbe  connecMUK  rod,  and  the 
1  surface  bearing  it,  we  can  easily  determinte  the  Inten- 
■Table  II." 

li 

t  i 

4    ' 

n 

H 

..3 

ft  t   . 

'  t  i 

i  1  f 

% 

it  i 

m 

hi 

Xi 

J  Vebtical  Twist. 


fi 

f 

i 

8 

i: 

1 

!- 
J 

1 

• 

1 

1 

II 

S 

'? 

" 

= 

d" 

.^ 

< 

J 

> 

i 

'5 

i 

s 

* 

■" 

■■; 

'.^ 

} 

•r 

I 

1 
1 

ilsm  of  the  main   features   of  the    locomotive    from    a 
standpoint  generally  results  in  tbe    discovery    of   many 


60 


Drysdale  on  Locomotive  Crosshcads 


glaring  malformations.  The  frames  lack  the  necessary  triangular 
brace,  and  there  is  apparently  a  looseness  about  the  parts  which,  to 
the  uninformed,  betokens  a  serious  lack  of  judgment  and  crafts- 
manship. But  beware  !  Watching  an  engine  as  it  **  stands  at 
ease"  in  railroad  station  or  on  roundhouse  pit  is  a  very  ditTerent 
matter  to  watching  it  as  it  speeds  along  at  70  or  80  miles  per 
hour — as  it  slackens  up  to  leave  a  tangent  track  and  turn  on  <aa 
%"  or  10*  curve.  Watch  the  bending  of  its  parts,  ncttice  how  nicely 
it  hugs  the  rail,  without  a  bind  or  bu*ckle,  riding  as  smoothly  as 
can  be;  only  now  can  one  readily  see  the  necessity  of  having  this 
automaton  made  loose-jointed.  Since  locomotive  crossheads,  like 
all  other  parts,  are  subject  to  side  and  vertical  twists  there  must 
be  plenty  of  side  and  bottom  clearance  on  their  guides,  and  the  bear- 
ings SDUst  have  sufficient  slack;  besides  both  the  pin  and  slipper 
block  must  not  be  made  too  long. 


Fig.  22. 


Fig.  23. 
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Strength  of  Piston  Rod  Connection. 

There  are  two  distinct  ways  of  fastening  the  piston  rod  to  the 
crosshead.  Sometimes  the  rod  end  is  so  forged  that  it  receives  the 
pin  on  which  the  connecting  rod  and  guide  journals  work  (see  fig. 
16).  More  frequently  it  enters  a  socket  which  is  a  fixed  part  of  the 
crosshead  and  is  keyed  to  it  (see  figs.  8—15).  The  strength  of  this 
connection  depends  largely  upon  the  amount  of  draw  allowed  for 
keying  up,  that  is  to  say,  the  amount  of  compression  that 
takes  place  between  the  rod  and  socket  when  the  key  is  driven  in; 
the  ageing  of  the  rod,  it  sometimes  requiring  a  pull  of  4,000  lbs.  per 
sq.  in.  to  start  an  old  rod  from  its  socket;  the  strength  of  the  key; 
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be  strength  of  tbe  socket.  Sufficient  to  eay  that  seldom 
irt  give  bother,  and  then  only  when  some  employee, 
{  oF  knowledge  or  direct  negligence  strains  or  breaks  a 
istance,  a  common  sight  In  any  railroad  shop  is  to  see  & 
'Ulng  in  a  key  with  a  five  ton  blow,  when  a  little 
filing  of  the  tight  part  would  have  done  the   work   fan 

al  method  o(  connection  Is  shown  In  flg.  22.    Here  tbq 
the  key  on  the  socket  and  the  opposite  pressure  of  the 
he  socket  hold  them  fixed, 
may  be  caused  by  lack  of  metat,  but  they  are  more  fre- 

resuit  of  misfitting  or  mlsdrlying.  See  Bg.  23.  The 
broken  or  the  aocket  may  break  out  in  triangular  pieces 

when  the  rod  does  not  fit  tightly  into  the  socket,  and 
lence  gives  rise  to  a  "bump."  Or  else,  It  the  key  is 
0  hard,  the  rod  end  may  break  at  "a,  a." 


3  now  followed  tbe  development  of  the  crosshead  from 
form,  to  Its  most  modern  design.  We  have 
I  main  features  of  Its  construction,  and  looked 
comparative  strength  of  Its  details;  perhaps  It 
e  out  of  place  to  here  make  a  small  forecast.  Tbe  In- 
rn  engineering  development  points  us  to  that  stage 
'ocatlon  Bball  have  become  a  dead  Issue,  and  where  ro- 
ippesr  m  each  and  every  form  of  motion.  The  advent 
I  turbine  to  marine  and  stationary  engines  only  pre- 
sent to  locomotion.  In  such  an  era,  the  crosshead  will 
Into  history,  and  tbe  many  Integrals  of  work  no^v 
It  In  friction  shall  be  reckoned  with  as  useful    motive 


The  following  papers  were  read  at  the  Annual  Meeting, 
January  24th  to  26th,  1905:— 

PAPKR  No.  210, 

CONSTRUCTION  OF  CANADIAN  NIAGARA  POWEIR  COMPANY'S 
100,000   H.P.   HYDRO-ELECTRIC  PLANT   AT 
NIAGARA    FAIiLS,    ONT. 

By  Cecil  B.    Smith,   Ma.E.,   M.  Can.  Soc.  C.  E, 

When  the  writer  became  Resident  Engineer  for  this  Company 
in  August,  1901,  he  found  that  the  location  of  the  works  and  dis- 
charging tunnel  had  been  already  decided  upon,  and  a  shaft  for 
tunnel  construction  partly  sunken,  and,  under  directions  from  Con- 
sulting Hydraulic  Engineer  Herschel,  the  turbine  units  were  being 
given  preliminary  study  by  Escher,  Wyss  and  Co.,  who  also  finally 
designed  them. 

Aside  from  the  tunnel,  which  evidently  should  be  built  at  once 
of  full  capacity,  the  construction  then  authorized  was  for  a  canal  ot 
50,000  h.p.,  with  temporary  cribbing  on  the  south  side,  a  wheel  pit 
for  50,000  h.p.,  and  machinery  and  power  house  for  30,000  h.p.;  but 
the  company  in  1902  decided  to  build  the  canal  for  100,000  h.p.,  the 
wheelpit  for  110,000  h.p.  (one  10,000  h.p.  unit  as  a  spare),  to  erect 
1^  power  house  tor  50,000  h.p.,  and  equip  it  with  machinery  to  the 
same  extent;  and  this  plant,  along  with  conduits  for  carrying  under- 
ground cables  to  Niagara  Falls,  N.Y.^  and  to  a  transformer  station 
for  25,000  h.p.  outside  Queen  'Victoria  Niagara  Falls  Park,  is  now 
practically  completed,  and  is  in  partial  operation. 

Cofferdam. 

Some  hazardous  and  approximate  soundings  had  been  taken  in 
the  Niagara  River  at  the  canal  entrance,  but  they  gave  assurance 
that  the  depth  of  water  adjacent  to  shore  was  sufficient  without 
extending  operations  very  far  out  into  the  rapids,  and  a  cofferdam 
was  built  on  the  location  shown  on  Plate  1.,  "which  also  give6  detail! 
of  the  cofferdam  itself. 

It  will  be  noticed  that  these  cribs,  If  placed  separately,  would 
have  been  in  rather  uns.table  equilibrium,  and  the  contractor  accord- 
ingly sunk  them  in  pairs,  with  turnbuckles  in  place,  using  tem- 
porary binding  timbers  to  hold  each  two   cribs   in  correct  relative 
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posttion  until  sunken  into  place,  after  -which  these  timbers  were  re- 
moved by  djvers. 

The  soundings  for  each  crib  were  taken  from  a  platform  extend- 
ing out  'over  the  water  from  the  cribs  previously  placed,  and  the 
bottoms  of  the  cribs  were  framed  upside  down,  so  as  to  fit  the  In- 
equalities of  bottom,  denoted  by  the  soundings.  A  floor  for  sustain- 
ing tlie  rock  filling  was  also  placed  in  each  crib  as  nearly  as  pos- 
sible to  the  bottom,  and  the  cribs  were  partly  loaded  before  being 
floated  into  place. 

In  order  to  hold  on  to  the  cribs  whea  placing  them  m  a  cur- 
rent of  10  to  12  feet  per  sec,  several  lines  of  wire  rope  operated  by 
hoisting  engines  were  used,  and  only  one  mishap  occurred,  when 
the  bottom  of  the  large  corner  crib  was  torn  ofT.  It  was  found  ad- 
visable to  add  vertical  binding  timbers,  not  shown  on  plan,  when 
cribs  were  to  be  placed  in  the  heavy  current.  These  are  being 
found  of  advantage  also  during  the  removal  of  the  cofterdam. 

The  puddle  used  was  composed  of  about  2-3  gravel  and  1-3  clay 
artifically  mixed,  as  a  natural  mixture  could  not  be  obtained  within 
a  reaf^onable  distance,  and  this  mixture  was  found  to  fall  quickly 
into  place  whenever  leaks  opened  up,  and  could  be  rammed  into  a 
perfectly  water-tight  mass.  It  was  found  best,  however,  to  keep  the 
puddle  wall  well  below  water  level  on  one  side,  so  as  to  enable  leaks 
to  be  promptly  reached  and  the  puddle  to  settle  quickly. 

The  continuous  decking  was  built  in  place  as  soon  as  cribs  were 
filled  with  rock,  and  being  tied  across  by  timbers  labove  water  and 
tumbuckles  below,  the  cofferdam  acted  as  one  mass. 

In  placing  tongued  and  grooved  sheeting,  it  was  broomed  down 
by  hand  mauls  on  to  natural  bottoan,  and  fitted  snugly  around  tim- 
ber ties  and  tumbuckles,  after  which  all  openings  at  bottom,  located 
by  divers,  were  made  tight  by  piling  bags  of  rich  cement  mortar, 
and  ramming  them  into  the  apertures. 

When  the  cofferdam  was  pumped  out  by  a  battery  of  12"  10" 
and  8''  centrifugal  pumps  lifting  about  10,000  gallons  per  minute,  it) 
iras  found  that  there  was,  even  after  temporary  leakage  through 
puddle  had  been  cut  down  to  nominal  proportions,  a  heavy  flow  of 
water  through  the  boulders  and  gravel  lying  between  the  cofferdam 
and  solid  rock,  and  as  this  would  have  had  to  be  handled  for  over 
tvro  years  it  was  considered  advisable  to  take  steps  to  stop  it,  and  a 
puddle  trench  was  sunk  to  Tock  at  each  end  of  area  unwatered,  be- 
ing carried  in  each  case  from  shore  to  adjacent  points  on  inside  of 
cofferdam.  The  cofferdam  proper  was  sheeted  on  inside  between 
theso  two  puddle  xut-off  walls,  with  double  tongued  and  grooved 
sheeting  extending  from  above  water  level  down  to  solid  rock,  layers 
of  tar  paper  being  placed  between  the  two  layers  of  sheeting,  and 
In  order  to  seal  the  bottom  a  toe  of  rich  concrete  was  carried  along 
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the  bottom,  being  tied  to  the  rock  by  thoroughly  washing  the  sur- 
face of  same,  and  spiking  a  heavy  line  of  timber,  about  12"  above 
the  bottom,  to  the  sheeting. 

This  interior  sheeting  held  the  pressure  of  water  against  It 
until  torn  off  when  letting  water  into  the  camal,  and  the  whole 
leakage  was  cut  down  to  about  i  of  the  capacity  of  one  8"  pump, 
during  this  period  of  over  two  years. 

Bridge. 

The  original  intention  of  the  company  was  to  build  a  eteel 
bridge  across  the  entrance  canal,  to  carry  the  tracks  of  the  Inter- 
national Railway  Co.,  and  to  provide  width  for  a  park  drive  and  a 
sidewalk,  and  the  plans  approved  by  the  Park  commissioners 
showed  this  class  of  bridge. 

When,  however,  it  was  decided  to  build  the  whole  canal  at  once, 
the  company  and  its  engineers  decided  that  the  style  of  construc- 
tion to  be  used  for  canal  walls,  power  house,  etc.,  demanded  a 
bridge  in  keeping,  and  accordingly  a  stOne  and  concrete  bridge  55 
feet  wide,  composed  of  five  spans  of  50  feet  each,  and  costing  nearly 
100%  more  than  a  steel  bridge  and  piers,  was  designed  and  built 
Plates  II.  and  III.  give  details  of  construction.  The  most  interest- 
ing feature  of  design  was  to  obtain  a  bridge  with  high  epringings 
and  low  crowns,  as  the  difference  in  level  between  the  water  of 
Niagara  River  and  base  of  rail  was  very  limited.  This  was  obtained 
by  using  steel  arch  trusses  and  concrete  filling;  and  various  studies 
of  stone  parapet  walls,  seeking  to  give  satisfactory  proportions  and 
chasteness  of  outline  have,  it  is  believed,  been  successful.  There 
are  five  50  ft.  spans,  and  when  building  the  bridge  an  allowance  of 
V^"  was  made  for  settlement,  but  this  much  has  not  taken  place,  al- 
though a  curious  condition  has  arisen  of  the  arch  rings  settling 
slightly  away  from  the  parapet  walls,  which  carry  their  own  weight 
without  appreciable  settlement  although  two  expansion  joints  were 
placed  in  parapet  walls  above  piers. 

Canal   and   Forebay. 

Plates  IV.  and  V.  show  the  general  lay  out  of  the  works  and 
typical  section  of  canal  walls,  which  were  carried  out  to  the  river 
entrance  by  50  ft.  curves,  and  from  the  bridge,  westward,  expand 
out  Into  a  forebay  570  feet  long. 

It  will  be  noticed  that  these  walls  are  second  class  rock-faced 
coursed  ashlar  backed  with  1:3:5  concrete,  and  phins  were  also  pre* 
pared  showing  solid  concrete  walls  below  low  water,  but  the  use  of 
concrete  as  a  facing  to  be  presented  to  the  wear  of  moving  water 
fee  laden,  although  at  a  slow  velocity,  was  not  approved  of  by  Con- 
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aeer  Herscbel,  and  the  present  plans  were  adopted  In- 
Blderablr  increased  coat.      The  same  remarks  apply  to 
and  to  Inlet  breaat  walls, 
ducting  all  loBsee  the  net  effective  bead  that  this  plant 

0  operate  under  is  136  feet  wltb  all  wheels  running 
is  head  about  8S70  cubic  feet  per  sec.  vlll  be  the  maxl- 

DUDt  of  water  will  DaBB  through  the  bridge  openlngB  at 
;t  per  second  with  river  at  normal  level,  but  in  tbe 
er  the  same  condition,  the  water  will  approach  the  line 

1  arch«s,  supporting  the  forebay  room,  at  only  1  ft.  per 

^ra  river  1b,  of  course,  never  frozen  over  at  tbe  canal 
:  after  a  prevailing  east  wind  the  drift  ice  from  Lake 
[raztl  ice  formed  In  the  rapid  Immediately  Above  the 
down  In  a  steady  flow  from  50  to  100  feet  wide, 
Canadian  shore,  and  prepared  to  float  into  the  canal 
Sow  of  water  creates  a  tendency  or  draft  In  that  dlrec- 

t  was  proposed  to  allow  this  Ice  to  float  freely  Into  the 
rebay,  depending  on  the  submerged  arches  to  hold  it 
le  fine  Ice  rack  In  front  ol  Inletfi,  and  on  the  lea  sluhce- 
in  Plate  IV.  to  carry  It  back  to  the  river,  but  the  writer 

protection  along  the  Tlver  face  to  be  of  inestimable 
□  outen'  ice  rack  was  added.      This  rack  Is  suppoirted 

flrst-clasa  masonry  piers  29  feet  centres,  and  consists 
lotwalk  with  never-slip  plates  and  another  steel  beam 
Dwer;  these  carry  2"  rods  spaced  12"  centres,  extending 
w  and  4  feet  above  meanwater  level,  and  sloping  at  30° 
B  down  stream.  ThlB  rack  will  keep  all  heavy  ice  out, 
t  current  will  roll  it  along  the  sloping  rods,  and  should 
desirable  a  steel  curtain  can  be  suspended  outside  the 
wn  to  3  or  4  feet  below  water  level,  thus  shutting  out 

ice.  but  It  Is  not  expected  that  frazil  ice  can  be  kept 
>rebay,  aa  It  oomea  down  the  river  mixed  in  the  water 

bottom. 

loi^th  end  of  the  forebay  there  la  a  weir  with  three 
enings,    two    outside    and    one    Inside     the     forebay 

fall  of  nearly  two  feet  can  be  utilized  in  the  winter 
ose  of  creating  a  croes  current  In  the  forebay,  thus 
raw  the  floating  lee  back  into  the  river,  but  the  writer 
ieve  that  the  effect  of  thla  weir  will  be  felt  for  any 
re  away  from  the  north  end  of  the  plant,  although  by 
9s  of  floating  booms  diagonally  across  the  forebay  a 
t  of  floating-ice  can  be  poled  toward  the  weir  and  thus 
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passed  back  to  the  river.    When  not  in  use  the  weir  will  be  cloaed 
by  flieel  lift  gates  to  above  the  water  level  of  the  canal. 

The  ice  protecticns  thus  far  mentioned  will  not  keep  back  frazil 
ice,  but  no  doubt  the  slow  current  In  the  forebay  will  allow  a  large 
proportion  to  rise  to  the  surface,  while  the  remainder  will  pass 
under  the  subanerged  arches  into  the  forebay  room,  where  there  is 
a  continuous  line  of  fine  ice  racks  resting  at  a  30"*  slope  against  the 
main  inlet  or  breast  walls. 

These  racks  are  carried  on  a  steel  framework,  and  are  com- 
posed of  3"  X  %"  bars  on  edge,  spaced  1  13-16"  centres,  built  into 
groups  3'  6"  wide,  by  three  tiers  high;  the  bottom  tier  is  3'  0",  the 
centro  11'  0",  and  top  9'  0"  high,  the  centre  ones  being  movable 
and  capable  of  being  raised  up  to  the  top,  and  of  being  held  there 
by  hock^  designed  for  the  purpose. 

Tho  functions  of  an  enclosed  forebay  room  will  vary  with  the 
direction  of  current  approaching  the  power  house,  and  whereas  this 
direction  is  parallel  to  power  house  No.  2  of  the  Niagara  Falls 
Power  Company,  it  is  practically  at  right  angles  to  that  of  the 
plant  now  being  described,  and  therefore  all  floating  and  suspended 
ice  adjacent  to  the  submerged  arches  will,  in  time,  pass  under  them 
and  enter  the  forebay  room,  to  be  dealt  with  there  by  aneans  of  a 
travelling  forebay  crane,  and  men  uising  rakes  and  poles. 

However,  even  in  this  power  house,  an  enclosed  forebay  room 
is  of  great  value,  affording  coanfortable  quarters  fbr   men   fighting         [ 
ice  in  stormy  weather,  and  moderating  somewhat   the   temperature 
of  the  ice  rack. 

In  extreme  cases  the  centre  ^sections  of  the  ice  rack  are  raised 
up,  and  the  accumulations  of  fine  fioating  ice  and  frazil  are  allowed 
to  pass  through  the  wheels,  whose  large  ports  will  take  care  <»{ 
considerable  quantities  of  fairly  large  ice  without  any  injury  to  the 
bronze  runners. 

The  water,  after  passing  the  fine  ice  rack,  enters  18  ft.  openings 
in  the  masonry  inlet  walls,  thence  passes  through  cast  Iron 
penstock  mouth-pieces  which  are  elliptical  (18'  x  12')  at  the  outer 
end  and  10  feet  in  diameter  at  the  inner  end  where  they  pass 
through  the  main  wheelpit  walls,  and  ftows  into  the  upper  elbowfi 
of  the  main  penstocks.  During  ordinary  operation  the  movement  of 
water  is  controlled  by  head  gates  set  In  lubricated  cast  iron  groves 
In  the  inlet  walls,  and  operated  by  lifting  screws,  a  box  girder 
fastened  onto  the  steel  columns  of  the  power  house,  and  a  20  h.p. 
125  Volt  D.C.  motor  mounted  on  this  girdar,  and  for  the  purpose 
of  Ailing  the  penstocks,  so  as  to  release  the  pressure  on  the  gates, 
small  hand  operated  wicket  gates  have  been  inserted  in  the  main 
gate  bodies.  ^i 

Outside  of  thesesllft  gates  two  sets  of  stop   log   grooves    have  ' 
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at  each  Inlet,  bo  tbat  In  case  the  llCt  g&tes  require  un- 
stop logs  can  be  Inserted. 

Wheelpit. 

it.  which  la  6TD  feet  long  and  IS  leeC  wide,  after  lining,  was- 
through  15  feet  of  boulders  and  gravel.  100  leet  of  llme- 
1  50  feet  of  fihala.  the  sideis  being  separated,  before  blaet- 
nannelling.  The  channelling 'machines  are  self-propelling 
a  travel  of  about  12  feet,  the  cuts  being  carried  down  In 
aches,  having  6"  batter.  After  blasting  and  excavating  a 
e  channelling  was  again  proceeded  with,  an  otT-aet  of  6 
ing  required  for  clearance. 

tie  reception  of  numerous  castings,  draft  tubes, 
junt  of  excavation  was  required  In  the  form  oF  i 
der  to  do  this  without  unduly  shattering    the    side    walls, 

I  periphery  of  each  recess  waa  separated,  preliminary  to 
by    gadding    and    broaching,    tlie    process    being    that 

II  body,  mounted  on  a  vertical  column  and  truck. 
Ing  horizontally;  by  using  small  charges  ot  dynamite, 
iched  masses  of  rock  were  then  blown    out,   leaving    the 

walls  usually  Intact. 

the  wheelpit  for  first  Installation  of  50,000  h.p.  was  about 
s  excavated,  the  tunnel  excavation  had  been  completed  to 
pit,  and  in  order  to  expedite  the  completion  of  the  plant  the 
ged  that  the  general  design  should  be  changed,  substltut- 
iranch  tunnels,  turbines  resting  on  the  solid  bottom,  lower 
elbows  ditto,  and  draft  tubes  leading  from  the  wheel  cases 
anch  tunnels,  which  would  aamlC  ot  tunnel  excavation 
hed  forward,  and  wheelpit  excavation  being  completed 
tbs  sooner  than  would  be  the  case  if  the  lower  part  ot  the 
was  to  constitute  the  beginning  ot  the  tall  race. 
nerlta  of  this  method  had  already  been  suggested  by 
rysB  and  Co.,  the  fiimplitying  ot  the  lower  penstock  elliow 
«r  solidity  ot  the  turbine  unit  when  in  operation  Taeing 
L-nd,  Id  passing,  it  Is  Interesting  to  note  that  the  Toronto 
ara  Power  Co.  has  adopted  this  identical  design  tor  the 
y  are  now  building.     However,  the  view  of  the  consulting 

engineer  was  against  the  change  and  In  order  to  hasten 
letloD  of  tbe  wheelpit  excavation  which,  on  the  lower 
very  much  cut  up  by  various  cheeks  and  recesses.  It  was- 
3  carry  fbrward  the  tunnel  escavatlon  immediately  under- 
d  bring  down  tbe  wheelpit  excavation  on  the  tunnel  roof. 
proce«a  was  fairly  successlul  until  about  two-tblrds  com- 
len  the  blasting  from  above  and  below  had  so  weakened  and 
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opened  up  the  remaining  shale  that  wheelplt  water  commenced  to 
leak  into  the  tunnel,  throwing  exceealve  loads  on  the  tunnel  roof, 
and  necessitating  increased  timhering  at  this  place,  until  finally 
tunnelling  operations  had  to  he  abandoned,  and  the  remainder  of 
the  pit  excavated  in  open  cutting  as  originally  intended. 

The  after  effects  of  this  effort  to  hasten  operations  were  that 
the  sides  of  the  wheelplt,  where  excavated  by  tunnelling,  were  badly 
shattered,  and  before  the  brick  lining  could  be  placed  large  massds 
of  shale  broke  away,  so  that  as  the  brick  lining  was  being  put  in  it 
waSB  necessary  not  only  to  fill  up  these  enormous  cavities  with  con- 
crete, but  the  walls  had  to  be  continually  wa/tched  and  scaled  down 
for  fear  of  accidents. 

As  soon  as  excavation  was  well  forward  it  was  decided  to  take 
measurements  for  anticipated  movement  of  the  rock  walls,  and 
the  following  table  will  serve  to  illustrate  what  actually  took  place, 
it  being  understood  that  excavation  was  being  carried  forward  con- 
tinuously from  March,  1902,  to  June,  1903,  and  that  the  measure- 
ments given  are  only  a  few  of  those  taken. 
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Mea.«urement6  taken  between  steel  plugs  at  centre  of  a  pit  275  feet 
long,  and  at  a  point  15  feet  below  rock  surfaice. 

Depth  of  pit  at  time 
Total  width,    of  measurement. 


Date. 

July 

8, 

1902. 

Aug. 

23, 

1902. 

Sept. 

10, 

1902. 

Oct. 

13, 

1902. 

Nov. 

13, 

1902. 

Dec. 

18, 

1902. 

March 

6, 

1903. 

April 

7, 

1903. 

May 

8, 

1903. 

Oct. 

15, 

1903. 

20' 

11  1-2" 

35  ft. 

20' 

11  1-16'' 

50  ft 

20' 

10  15-16" 

55  ft. 

20' 

10  13-16" 

65  ft. 

20' 

10  13-16" 

75  ft 

20' 

10  13-16" 

85  ft 

20' 

10  13-16" 

100  ft 

20' 

10  12-16" 

110  ft 

20' 

10  25-32" 

125  ft 

20' 

10  7-16" 

• 

full  depth 

Giving  a  total  of  1  1-16  inches,  although  at  lower  levels  a  anove- 
ment  of  1  1-2  inches  was  observed  between  November,  1902,  and 
October,  1903. 

Not  the  least  curious  feature  of  these  movements  was  the  fact 
that  the  east  side  next  the  river  moved  about  twice  as  much  as  the 
west  side  adjacent  to  higher  ground.  But  the  most  noticeable  feet 
of  the  table  is  that  the  movements,  which  had  practically  ceased  by 
March  1903,  had  again  become  serious  by  October,  1903,  and  this  had 
been  caused  by  the  excavation  of  the  wheelpit  extension   300  feet 
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eelag  one  «oil  ol  the  rock  walls.  This  Is  further  showfi  by 
ents  on  thruet  girder  caatlnge  or  west  wall,  which  had 
n  September  and  October,  1902.  It  will  be  seen  that 
nents  tiad  practically  ceased  in  March,  1903,  but  again 
d  as  sooD  as  the  eicavatiooB  ot  the  extension  to  pit  was 
wa  for  some  depth. 

rst  generator  arch  built  was  at  unit  No.  4,  and  during  the 
I  1904  it  became  evident  that  it  was  being  eeverety 
and  even  alter  several  heavy  arches  had  been  'built,  the 
intng  walls  of  wheelpit  at  the  level  of  the  springing  of 
showed  Blight  movements.  It  was  therefore  decided  to 
3W  heavy  cast  iron  atruta  acroeii  the  pit  at  units  'No.  4 
,  thrusting  against  cast  iron  strut  bases,  whkh  had  been 
1  over  20  places  In  anticipation  ot  trouble. 
itrutH  at  unit  No,  5  and  two  atruts  at  unit  No.  4.  each  of 
tons  sale  capacity,  seem  to  have  completely  stopped  the 
movement. 
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al  movemeats  of  "west  wall  at  thrust  girder  level. 

Unit  1.  Unit  2.  Unit  3.  Unit  1.  Unit  6. 

>02.         —  1-16"  1-1"  7-16"  7-16"  15-32" 

t03.         —  1-16"  7-32"  11-32"  7-16"  15-32" 

)03.         —  1-16"  3-16"  7-16"  11-32"  9-16" 

04.           -I-  1-8"  1-32"  B-8"  1  1-8"  1" 
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Thrust  Declc.    Turbine  Deck. 
16,451  Ct. 
16,447  „ 

16,450  „ 
16,446  „ 
16,445  „ 
16,442  „ 

ling  of  the  -wheelpit,  which  consists  of  24  Inches  of  solid 
[  from  Invert  up  to  rajck  deck,  and  12  inches  of  solid 
;  hacked  by  4  Inches  of  hollow  brick   theace   to    top,    is 


Jov. 

14, 

1904. 

18,882  ft. 

*ov. 

23, 

1904. 

18,881  „ 

Jov. 

28, 

1904. 

18,884  „ 

}«!. 

6, 

1904. 

18,882  „ 

)ec. 

13, 

1904. 

18,884  „ 

)ec. 

21, 

1904. 

18,884  „ 

an. 

2, 

1905. 

18.883  „ 
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ancGored  to  the  rock  walli  by  anchor  bolts  with  wedgee 
large  plate  washera  embedded  In  the  brick  work,  and.  a 
waa  laid  with  a  Hhove  Joint  with  one  to  three  cement  m 
practically  watertight,  the  leakage  through  the  seama  li 
passing  Into  the  hollow  brick  and  down  openlnKa  left  in 
bfick  lining  to  cast  Iron  weeper  boses  at  the  rack  deck 
water  [ailing  from  them  freely  Into  the  wheelpil  juat  abo 

During  tbe  placing  of  the  brick  lining  a  great  numl 
Inge  were  placed  In  position.  These  consiated  of  the 
auxiliary  draft  tubes,  which  were  burled  in  the  brick 
bracket  casting  section  alone  of  each  draft  tube  welghli 
toni<>  and  castings  for  supporting  the  lower  penstock  el 
girders,  thrust  girders,  and  the  various  Qoors  placed  In 
purposes  of  operation. 

Theee  latter  castings  varied  In  weight  from  Vi  ton 
and  extended  back  from  the  face  ot  tbe  wall  from  ; 
depending  on  tbe  loads  to  be  carried,  while  the  lip  ( 
carrying  the  loads  extended  only  a  few  Inches  beyond  t 
the  walls.  These  castings  were,  of  couree,  hollow  «nd 
with  concrete  before  being  placed  in  position. 

Accuracy  being  necessary,  great  care  was  taken  ae 
and  longitudinal  position.  In  placing  all  castings,  piano 
reel  carried  heavy  plumbobs  Imniereed  in  water,  and 
were  tranEterred  from  one  level  to  another  by  a  steel 
had  been  standardized  at  Washington,  D.C.  All  work 
to  1-1000  of  a  too',  and,  with  very  few  exceptions, 
obtained  were  found  very  satisfactory  during  the 
machinery  setting. 

On  tbe  east  side  three  chambers,  averaging  about 
K  30'  high,  were  built  at  right  angles  to  the  wheelplt  anc 
the  level  ol  the  rack  deck,  which  la  the  first  floor  Abov< 
in  the  tailrace  part  of  tbe  wheelplt 

They  were  excavated  as  tunnels  by  top  headings  ai 
but  being  in  limestone  did  not  need  timbering.  The  tin! 
same  as  that  of  the  wheelplt,  and  they  were  divided  up  i 
levels  by  steel  floors  carried  on  brick  ledges  on  the  llnir 

In  the  extension  of  the  wheelplt  two  other  simila 
being  built. 

These  chambers    contain    the    exciter    units,    the 
forcing    water    to    tbe     transformer    station,    an    air 
(Pelton  driven)  and  a  system  of  oil   tanks,   fllters  and 
supplying    oil    to    the     high    and    low    pressure    besr 
machinery  In  these  chambers  will  be  referred  to  later  on 
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Tailrace    Tumnel. 

inal  deslsn  for  tbis  tunnel  waB  al  a  section  21  ft.  high, 
nlng  16<i  Incbu  thick,  but  tbls  was  Anally  modified  to 
icction,  which  Is  25  feet  high,  and  has  a  composite 
ittom  and  Bides  being  of  concrete,  faced  with  4  inches 
nt  brick,  while  In  the  arch  a  brick  ring  with  dry  pack- 
red  to  on  account  of  the  difficulty  which  would  have 
building  of  a  concrete  arch  (see  Plate  V.). 
J  discharge  tunnel  was  built  for  the  Niagara  Falls 
iny  there  was  no  eiact  Infonnatlon  as  to  the  value  of 
)-efflclent  for«  brick  lined  channel  of  such  large  dimen- 
g  water  at  a  high  fpeed,  and  even  when  the  present 
ommenced,  the  United  States  tunnel  had  not  yet  been 
Full  capacity,  nor  properly  calibrated,  but  an  eiamlna- 
inter  of  1902  showed  the  brick  lining,  although  of  a 
'  quality,  to  be  absolutely  intact,  uuworu,  and  slimed 
ven  years'  use,  with  water  flowing  at  about  27  feet  per 
.  to  make  assurance  doubly  sure,  the  brick  facing  of 
iinnel  was  made  of  a  superior  burnt  smooth  brick,  and 
ade  about  20%  larger  than  the  earlier  one,  so  that  the 
be  slightly  Increased  as  the  grade  of  seven  teet  per 
auous,  and  the  alfgitment  of  the  tunnel  very  favorable, 
two  curves  of  long  radlue  with  direct  outlet  In  line 
t  (aee  Plate  IV.). 

lel  is  2,200  feet  long,  including  the  headworka  at 
.  consists  of  a  square  headwall  60  feet  wide,  12  teet 
feet  high,  extending  to  a  depth  of  35  feet  below  water 
on  a  foundation  well  into  the  Medina  sandstone;  from 
the  tunnel  rises  In  an  ogee  curve  for  some  SO  feet  to 
'oper,  and  this  portion  la  lined  with  2  feet  of  granite, 
considered  advisable  to  use  in  place  of  brick,  owEng 
Ive  speed  ot  the  water  when  dropping  to  the  rivel' 
;  understood  that  the  invert  ot  the  tunnel  at  the  top 
urve  is  at  the  tow  water  river  level. 
vation  was  carried  both  ways  from  a  shaft  sunk  mld- 
the  porta!  and  wheelplt  and  was  also  carried  In 
red  feet  from  the  portal,  and  althougli  the  alignment 
n  two  piano  wires  12  feet  apart,  suspended  In  the  shaft, 
nt  work  at  point  of  meeting  of  headings  was  found  to 
rfect,  which  must  be  looked  on  as  a  result  of  extreme 
ise  ot  plumbobs,  and  taking  the  average  of  a  large 
nervations  In  this  and  surface  Instrument  work. 
I  tbe  upper  portion  ot  the  tunnel  being  In  shale,  it  was 
carry  a  full  timber  root  consisting  of  5   centred   12" 
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Power  Hoties. 
covering  the  generators    * 
aed  building,  at  present  co 
a  la  lor  a  complete  bulldi 
nlta,  with  main  entrance  t 

8  40  feet  high  to  the  eave 

9  Qoor,  this  height  being 
iv  loads  from  one  part  of 
achlnery  was  Installed. 

ee  arch  windows  below  th 
quare  ones  Just  below  the 
iistone  gray  limestone,  wll 
irance;  and  the  Interior  1 
lied  brick  up  to  the  windo 
si  Veraicnt  marble  in  line 
s  the  lining  will  be  buff  1 
ffuard  light.    There  U  an  ( 

every  24  (eet. 
1  power  house  la  of  eteel 

Interlocking  green  Ludow 
:e  carried  well  out  with  a 
opper  gutters. 

attached  to  the  east  sldi 
e  VII.,  and  has  a  flat    atei 

asphalt  and  tile  floor, 
with  24  foot  panels,  it  b? 
ans  and  flower  vases  at  t 
t  throwing  light  into  the 
s  every  24  feet,  there  is  a 
cent  to  the  power  house; 
rane  spans  the  whole  wfdt: 
nd  lifting  them  when  nece 
t  tramea  are  metal,  which 

upper  window  frames  of 
building  Is  strictly  flreproi 

door  will  be  of  'bron; 
unted  by  a  panel  contalnlo 
roBB  the  north  end  of  the  i 
m  which  the  best  view  of 

lERo  ROUND    Conduits. 
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oog,  leads  to  a  transformer  statloi 
and  the  other,  one  and  a  quartei 
ver  houae  through  the  park  to  tb 
>ur-way  ducts  are  embedded  In  a 
are  spaced  generouslrso  as  to  p 
log  found  that  In  a  large. group  i 
■are  the  carrying  capacity. of  ttie 
re  also  entirely  oF  gravel  concrt 
with  sis-inch  tile.  Into  .which  ar 
Bl-de  the  ducts  themselves;  and  a 
J  into  two  parts,  .wbile  a  further 
Ined  by  soapstone  slab  partition 
;b  group  of  cables.  The. ordinary 
es  straight  through  without  an; 
no  on  Plite  VI.  being  a  special, 
8  for  carrying  water  from  the  p 
to  the  water  cooled  transformer 
!  the  parh  on  the  company's  land 

Station,    Etc. 


I,  Immediately  west  of  Its  works, 
tract  of  land,   and   on   It  has 

of  25,000  h.p.  capacity,  SO  feet  wi 
central  room    38    leet  wide   equl 
trie  travelling  crane,  copper  oil 
id  cast    iron    Jack    rails,   resting 
leae  'rails   there   has    been    Ineta 
irmers   of   15,000    K,W.    total     c. 
*  cooling,  drainage,  and  lead  lined 
astormers  are  for  40,000  or  60,000 
tted  from  the   low    tension    and 
Id  brick  curtain  walls,  the  cables 
I    through    passages    underneath 
!rom    them    through    overhead    ai 
to  the  high  tsnslon  awltche;.  In 
at    the    building    through    sped: 

elf  is  of  pressed  brick,  with  sto 
ind  Is  entirely  fireproof,  except  w 
nltor  root  for  light  and  offices  n« 
I  door  of  capacity  for  fully  loadei: 
to  transfer  loads  to  the  crane. 
:  strttion  has  been  built  a  stand  p 
t   high,  which    Is  connected  to  thi 


i 
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I  wbeelplt  to  transformer  stEttlon,  and  tha  flow  6l 
ivhich  ia  controlled  by  a  motor  driven  valve  operated 
nstormer  station,  the  object  of  wblcb  Is  tb«t  in  case 
and  pipe  can  be  cut  out,  and  the  two  pumps  a.t  the 
working  tandem,  can  raise  the  pressure  of  water  to 
inerormer  station  floor  line  during  the  fire  period, 
tion  of  tbls  standplpe,  however.  Is  purely  one  of  re- 
I  of  a  breakage  ol  the  pumping  and  pipe  sfBtcdns 
a  transformers  with  water  for  cooling,  in  which  event 
e  capacity  Is  estimated  as  being  eufflcient  tor  50,000 
)urs,  or  for  48  hours  for  the  present  station. 
at  the  Importance  of  continuity  of  operation  thU  safe' 
igh  costly,  wae  considered  necessary;  Indeed,  epealclng 
□ent  in  general,  every  effort  wae  made    to    design     the 

0  obtain  a  maximum  of   reserve   In    cases    of    break- 

PowEB    House    Machinery. 

liing  materials  two  flfty-ton  four  motor  electric  travel- 
vere  installed,  which,  by  working  with  a.  carrier,  can 
die  practically  ICO  tans.  These  cranes  operate  with 
.  current,  and  have  auxiliary  flve-ton  hooks  for  fast 
light  loads.  The  Sellers  cranes,  which  are  the  ones 
&ve  ae  a  distinctive  feature,  fixed  drums,  the  carriage 
Qg.  The  speed  requirements  with  full  loads  were:  — 
.0  ft  per  mln.i  auxiliary  book,  EiO  ft.  per  min.;  trolley 
50  ft.  per  min.;  ani  bridge  travel  200  ft.  per  mln. 

1  turbines  have  twin  draft  tubes  emerging  Into  the 
pit  immediately  above  the  Invert,  and.  owing  to  the 
of  water  which  there  will  be  normally  In  the  pit  with 
antiln  operation,  not  to  speak  of  the  effect  of  back 
;  high  water  in  the  lower  river.  It  was  necessary  to 
rbines  about  47  feet  above  the  Invert  of  the  tunnel,  and 

pressure  is  equivalent  to  about  33  feet  water  bead,  it 
found  practicable  to  operate  safely  with  more  than 
ift  tube  effect,  which  necessitated  some  artificial  means 
,  pondage  in  the  wheelpit  with  only  a   few    wheels    In 

lilt  was  obtained  by  Installing  a  huge  regulating  lift 
Bitreme  lower  end  of  wheelpit,  where  connection  la 
lie  tunnel,  and  operating  the  same  by  lift  screws,  over- 
aod  S5  h.p.  125  Volt  D.C.  motor  (a  second  motor  in 
lie  water  will  pass  under  the  gate,  and  In  order  to  re- 
liant vibration,  very  heavy  cast  iron  grooves,  grouted 
ito  the  brick  lining  walls  of  the  wheelpit,  rest  against 
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manonry  specially  cut  and  built  iuto  these  walla  u 
grooves,  and  the  gate  la  equipped  with  an  oiling  ays 
a  flexible  plplDg. 

The  10,000  h.p.  turbines  are  described  as  twin 
charge,  Francis  type,  operating  at  260  rev.  per  m! 
te«t  net  effective  head,  and  have  solid  bronze  runnen 
and  cylinder  gates,  controlled  each  by  four  racks  and 
racks  move  on  opposite  sides  ot  the  pinions,  so  that 
as  the  mate  to  it  lowers,  the  whole  movement  tor  ea 
controlled  by  a  connecting  rod  from  the  Escher  V 
situated  on  the  power  house  floor. 

The  revolving  parts  of  a  turbine  and  generator, 
connecting  them,  are  supported  as  tollons:^In  addl! 
ward  thrust  on  the  lower  runner,  there  is  a  bal 
located  immediately  above  the  wheel  case,  and  the  i 
unit  is  directly  supplied  with  water  from  the  lorebs 
Inch  pipe,  but  as  a  reserve.  In  case  Of  accident,  there 
aectlon  with  each  penstock. 

In  addition  to  this  there  Is  attached  to  each  mal 
diately  beneath  the  generator  a  thrust  bearing,  i 
operated  with  high  pressure  oil,  ot  carrying  the  who!* 
revolving  parts  ot  a  unit,  which  amounts  to  about  24! 
bearing  Is  ted  from  the  oil  chamber  with  oil.  which 
high  pressure  by  a  pump  located  immediately  alon 
thrust  deck;  after  leaving  the  bearing  the  oil  flows 
chamber  to  be  cooled,  clarified,  and  pumped  bac 
thrust  deck.  The  turbine  shafts  are  hollow  seamle; 
Inches  In  diameter  with  weldless  flanges,  which  coo 
lings  to  nickel  steel  bearing  shafts  14  Inches  diam.,  bi 
the  various  bearings  and  connections,  there  being. 
Plate  fX.,  two  intermediate  bearings  for  supporting 
tween  the  thrust  bearing  and  balancing  piston. 

The  main  penstocks  each  consist  of  a  tower  cast 
two  sections,  weighing  49  tons,  which  sits  astride  ol 
carries  the  weight  ot  the  peastock  and  the  water  coni 
above  tills  are  Ave  straight  sections  of  rlvetted  pipe 
and  a  half  Inches  in  diameter,  having  weldless  steel  1 
expansion  joint  connecting  to  the  cast  Iron  mouthplec 
wall  by  a  steel  upper  elbow.  The  calculated  speed 
with  full  load  on  a  unit  Is  about  11  feet  per  sec. 

Five  units  of  7,500  K.W.  output  each,  make  the  pi 
tlon.  but  the  plant  is  built  tor  eleven  such  machines, 
being  counted  a  spare,  and  In  order  to  Increase  the  | 
It  will  only  be  necessary  to  extend  the  power  house 
Install  such  machinery  as  may  be  required 
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>plyliig  the  various  w&ter-drlven  machines  In  the  cbam- 
dependent  v^ter  ayatem  has  been  Installed,  which  con- 
6-inch  rlvetted  main  with  weldlesa  flangea.  along  the 
fed  from  the  canal  by  two  36-lnch  and  9ve  24-lnch  ver- 
Of  these,  one  36-inch  and  two  24-inch  pipes  are  In  the 
atlon.  From  this  main,  which  la  aub-dlvlded  by  valves 
points,  rising  pipes  enter  the  chambers  end,  after 
he  machines,  the  water  passes  by  draft  tubes   Into    the 

chamber  is  located  an  exciter  plant,  making  125  Volt 
t,  which  1b  used  not  only  lor  excitation  of  large  genera- 
ir  operating  cracee,  switches,  variouB  gate  and  pump 
I  lights,  etc.  This  plant  consists  of  three  vertical  direct 
mits  of  332  b.p.  each,  the  turbines  being  single,  spiral 
d  and  downward  dleeharge,  running  at  600  rev.  per  mln. 
't.  head,  and  controlled  by  L>ombard  governors.  These 
oil  bearings  supplied  with  low  pressure  oil  from  the  oil 
Dd  are  each  quite  independent,  so  that  any  unit  can  run 
her  two  shut  down  for  repairs, 

eond  chamber  are  located  two  pump  units.  Each  unit 
a  horizontal  turbine  direct  conneoted  to  a  centrifugal 
100,000  galls,  per  24  hours  capacity.  These  pumpa  can. 
emarked,  be  run  in  tandem  In  case  of  fire  so  as  to  pro- 
pressure  at  the  transformer  station  of  120  lbs.,  with  a 
the  pump  of  210  lbs,  per  sq.  Inch.  The  turbines  'aye 
I  the  36"  auxiliary  main  and  discharge  Into  the  tailrace 
Qes  built  Into  the  brick  wheelplt  lining,  while  the  pumps 
water  from  one  oT  the  24"  supply  pipes  from  the  canal 
ge  by  a  24"  pipe  up  the  wheelpit,  and  thence  out  and  to 
rmer  station,  a  half  mile  distant,  by  a  12"  water  main. 
Ird  chamber  there  is  a  very  complicated  system  of  motor 
driven  Qulmby  screw  oil  pumps,  oil  tanks,  filter  tanks, 
;  tanks,  ail  so  Inter-connected  as  to  produce  necessary 
which  conslsta.  briefly,  in  there  being  two  circuits,  one 
•seure  and  one  for  high  pressure  oil.  The  oil  traverses 
jhlne  back  to  the  cooling  and  Alter  tanks,  thence  to  tbe 
ks.  from  which  It  Is  again  pumped  back  to  the  machine, 
iressure  oil  is  handled  in  the  same  manner,  except  that 
limp  is  located  at  each  thrust  bearing,  and  raises  the  oil 
these  bearings,  after  which  this  oil  also  flows  back  to 
mber  to  be  cooled  and  clarlfled.  In  this  chamber  Is  also 
designed  Pelton  driven  air  compressor,  and  In  a  cham- 
upper  level  adjacent  to  the  main  subway  are  located 
iks  of  large  capacity  for  storing  oil.  while  a  pressure  oil 
i  located  in  the  roof  of  the  power  house. 
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The  main  power  house  floor  will  contain  only  t 
equipment,  namely,  Che  7,500  K.W.  generators,  the 
ernore.  and  the  main  switchboard.  So  that  the  v 
vlsltorfi"  gallery  will  he  one  of  eitreme  simplicity,  ae 
of  the  generators  are  external  and  stationary,  and 
are  very  Innocent  looking  machines  In  line  with  the  j 
not  observable  from  the  north  end  of  the  power  hous 
atora  are  about  eighteen  feet  in  diameter,  with  Inie 
flelds.  and  deliver  three  phaee  25  cycle  current  at  12,0 
was  adopted  in  order  to  enable  local  distribution  lo] 
to  bo  made  without  transforming. 

A3  these  generators  were  both  too  large  and  I 
tranepo nation  it  was  necesaary  to  have  them  compli 
at  the  shops,  then  taken  apart  and  packed  In  hundred 
shipped  knocked  down  to  the  works,  where  it  took 
to  re-bulld  the  fields  and  armatures  piece  by  piece,  i 
Is  understood.  47,000  punchlngs  in  each  armature. 

Plate  Vn.  KhowB  two  subways  just  below  the  pov 
one  to  the  right  being  Cor  cables,  and  the  main  one 
cables  and  for  the  substructure  of  the  main  switchbo 
each  50,000  h.p.,  ia  about  150  feet  long.  The  subway 
full  600  feet  length  of  the  plant,  and  has  a  series  of  i 
Ing  olT  to  the  left,  one  at  each  inlet  breast  wall,  whii 
voted  to  miscellaneoua  purposes,  such  as  location  fi 
formers,  etc.  The  main  switchboard  consists  of  a  lo' 
subway,  made  up  ot  hua-bar  compartments,  divided  i 
brick  walls  and  horizontally  by  soapstone  slabs,  a 
motor  operated  oil  switches,  and  above  the  power  I 
switchboard  proper  from  the  gallery  of  which  a  ful 
power  house  is  had,  and  which  Is  equipped  with  swii 
tor  full  control  o(  the  station. 

Cables  leave  the  power  house  by  three  manhole 
at  each  end  and  one  at  the  west  side,  from  whei 
through  conduits,  already  described,  either  to  the  tr 
tion  or  to  Niagara  Fails  N.Y.,  to  deliver  current  euf 
that  generated  by  the  Niagara  Falls  Power  Company, 
are  lead  covered,  2\i"  diameter,  and  contain  three  p 
copper  conductors,  each  %  inch  diameter,  which  ar 
paper  and  gum  wrapplnRS.  the  whole  three  being  a 
by  similar  wrappings  teneath  the  lead  covering. 

The  ground  tor  this  plant  was  broken  in  Septen 
though  the  tunnel  and  cofferdam  had  been  nominal 
somewhat  earlier,  and  water  was  turned  Into  the  fot 
moj,  the  exciter  chamber  was  ready  for  operation  ^ 
and  the  Ist  10,000  H.P.  unit  December  23rd,  190*.— 
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s  were  ready  for  operation  January  Ist,  1905.  Tlie  third 
put  in  operation  In  a  Tow  montha,  and  tlie  fourth  and 
uring  the  summer  of  1905,  while  the  eitensian  of  wheel- 
t,  briclt  lined,  and  ready  for  tlie  machinery  of  the  re- 
units  should  be  completed  during  1905. 
3e  appreciated  that  during  this  period  Queen  Victoria 
two  other  large  and  one  amaller  plant  under  construc- 
a  state  ot  great  chaoB,  and  thia  is  largely  the  case  at 
time,  but  the  companies  are  under  obligations  to  place 
tlve  areas  In  good  condition  as  soon  as  construction  is 
d  when  this  has  been  done  the  southern  part  of  the 
was  always  In  a  state  of  nature,  nlll  be  vastly  Im- 
e  Canadian  Niagara  Power  Company,  In  process  of  con- 
Ued  in  the  foreshore  of  the  river  for  about  100  ft.  in 
the  Horseshoe  Falls  southward  for  over  ^  mile,  and 
also  sodded  and  added  to  the  park  area, 
nclpal  contractors  connected  with  the  works  were:  — 
y,  cofferdam;  Dawson  &  Riley,  wheelplt  and  canal; 
luarry  Co.,  arch  bridge;  A.  C.  Douglas,  tunnel  and  por- 
rrace  Co.,  power  house;  Brass  Bros.,  transformer  sta- 
ir, Wyss  &  Co.,  turbine  units  No.  1  2,  S;  I.  P.  Morr.s 
units  No.  4,  5;  General  Electric  Co.,  generators  and 
i-board;  Jenckea  Machine  Co.,  exciter  turbines;  West- 
Ilectric  and  Manufacturing  Co.,  exciter  generators; 
eneral  Electric  Co.,  transformers;  Canada  Foundry  Co., 
gates,  etc.;  Hamilton  Bridge  Co.,  power  bouse  steel 
Idition  W)  which  a  great  many  contracts  were  placed 
nd  United  States  for  various  pipings,  steel  floors,  smal- 
ry,  etc.  The  policy  was  at  once  established  of  having 
and  thorough  inspection  in  keeping  with  the  rigid  spe- 
ind  high  class  of  work  demanded,  and  a  large  number 
rs  were  employed,  who  were  located  at,  the  various 
ng  centres  and  on  the  works  itself.  As  these  men 
e  best  that  could  be  found,  for  the  various  classes  of 
done,  It  Is  believed  that  the  results  warrant  the  large 
ixpendlture.  For  mill  material,  the  Pittsburg  testing 
lid  the  Inspection. 

complete  study,  design,  and  execution  of  such  an  under- 
as  just  been  described,  the  engineering  department  was 
somewhat  complex,  there  never  having  been  any  chief 
ther  nominal  or  actual,  the  organization  being  as  tol- 
f  mechanical  engineer,  Dr.  Colman  Sellers;  consulting 
nglneer  until  December  3l3t,  1903,  Clemens  Hersehel; 
ei^lneer  until  March  1st,  1904,  W.  A.  Brackenrldge; 
glneer  In  charge  of  construction,  Cecil  B.  Smith;  Elec' 
eer,  H.  W.  Buck. 
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Speaking  generally,  the  designing  was  done  under  the  directio!i 
of  Consulting  Engineer  Brackenridge  and  by  the  designing  stal 
of  the  Niagara  Falls  Power  Company  in  charge  of  A.  H.  Van  Cleve 
until  March,  1904,  since  which  time  the  writer  assumed  Mr.  Bracken- 
ridge's -functions,  but  the  liberal  policy  of  the  company  was,  that  all 
the  main  points  of  design  were  determined  after  full  discussion  by 
the  various  engineers  mentioned. 

In  carrying  on  the  work  of  construction  the  company  allowed 
the  writer  full  choice  of  whatever  staff  was  considered  necessary, 
and  to  employ  also  such  inspectors  in  different  branches  as  wer^ 
needed.  The  chief  assistants  were  as  follows: — Principal  assistant 
engineer,  G.  A.  McCarthy;  assistant  mechanical  engineer,  C.  C 
Egbert;  assistant  electrical  engineer,  G.  E.  Brown;  assistant  en- 
gineer of  wheelpit  and  canal,  Wm.  Macphail;  assistant  engineer  A 
tunnel,  L.  Sherwood. 

To  these  gentlemen  the  writer  wishes  to  here  tender  his  ex- 
treme appreciation  of  those  qualities  which  made  it  possible  to 
carry  on  such  an  extensive  work  with  satisfactory  results,  and  ir. 
that  harmonious  spirit  which  prevailed  from  the  commenceme: 
of  the  work  until  the  time  (Dec,  1904),  when  the  writer  complete: 
his  engagement  with  the  company. 
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CORRESPONDENCE. 

.  C.  P.  BaiUalrgfi,  in  dlficusalng  Mr.  Smith's  paper,  wrote  that" 
e  64,  under  tbe  heading  of  "Canal  and  Forebay."  Mr.  Smith 
itten  as  follows; — 

win  be  noticed  that  these  walls  are  of  second-clasa  rock- 
coursed  ashlar  backed  with  1:3:5  concrete. 
ans  were  alEo  prepared  showing  solid  concrete  walls  below 
ater,  but  the  use  of  concrete  as  a  facing  to  be  presented  to 
ear  of  moving  Ice-laden  water,  although  at  a  low  velocity, 
ot  approved  of  by  Consulting  Engineer  Hersctael,  and  the 
it   plans  were  adopted    Instead    at    considerably    Increased 

.  Anderson.  In  bis  retiring  address  as  President  of  the  Cana- 
Klety  of  Civil  Engineers,  In  referring  to  concrete  construe- 
lid;  — 

increte  la  now  largely  used  in  Canada  to  replace  the  more 
live  cutatone  previously  used  in  heavy  foundations,  and  In 

abutments.  Culverts  have  bten  built  In  concrete  on  the 
a  Atlantic  and  other  railways,  and  Illustrations  will  occur  to 
member,  of  works  In  which  concrete  has  been  used  with  most 
ictory   results.       This  applies   particularly     to  a  country    In 

masons  or  skilled  laborers  of  any  kind  are  scarce  and  ex- 
e    and  the  resultant  quality  of  masonry  questionable." 
t  piers  of  the  Interprovinclal  bridge  over  the  Ottawa  between 
id  the  Capital  are  also  of  concrete,  below  as  well  as  above 

Baillalrge  continued  Chat  Eome  years  ago  in  a  discussion  as 
relative  merits  of  stone  and  concrete  tor  certain  portions  ot 
■hour  Works  and  Custom  House  landing  piers  and  steps,  he 
ireased  himself  as  fully  ot  tbe  opinion  of  .Mr.  Herschel,  that 
igard  to  angles  of  piers  or  their  arrises,  there  was  danger 
ion  by  swiftly  moving  ice-laden  waters,  though  he  had  not 
)  far  as  Mr.  Herscbel  !n  Including  breast  walls  where  the 
ot  Ice  being  merely  aitrltlonal  and   not  aggressive,  is  not 

to  strike  or  exercise  a  thrust,  as  It  might  do  against  the 
)t  a  pier,  and  could,  therefore,  have  do  disintegrating  or 
live  effect. 

reporting  quite  lecently  to  the  ecclesiastical  authorities  In 
,  as  to  the  opportunity  ot  using  ccncreie  or  artiflcial  stone 
;rectlon  of  churches,  school-houses,  etc.,  in  situations  where 
s  scarce  or  costly  ot  transportation,  he  had  recommended 
terial  where  passenger  trafflc  and  ordinary  vehicular  traffic 
n  likely  to  wear  away  the  angles  or  arrises  ot  concrete  con- 
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Mr. Baiiairg*.  structlons;  leaving  It  to  be  Inferred,  of  course,  tliat  where  beavy 
vehicular  traffic  obtained,  the  quoins  of  buildings  subject  to  be 
thrust  against  by  heavy  trucks  and  loads,  might,  as  in  the  case  oi 
bridge  piers,  be  endangered  by  erosion,  disintegration  and  wearing 
away  of  the  concrete  to  an  extent  rendering  it  advisable  to  us^cui 
stone  quoins  at  all  such  salient  angles. 

Under  the  circumstances,  the  opinion  of  Mr.  Smith  and  others 
would  be  most  interesting  as  to  this  pertinent  question  of  tbr 
resistance  of  the  salient  angles  or  arrises  of  bridge  piers  ani 
others  to  erosion  by  moving  ice,  so  as  to  arrive  at  a  safe  conclusion 
in  regard  to  land  structures  under  analogous  circumstances. 

Mr.  .Smith  Mr.   C.   B.   Smith,  replying  to  Mr.  C.   P.   Baillairg^'s  remark?, 

wished  to  say  that  the  draft  design  for  solid  concrete  walls  for 
canal  and  forebay  and  other  situations,  was  only  for  that  portioa 
extending  from  the  foundations  up  to  within  two  feet  of  low  water 
level,  while  above  that  point  rock-facsd  limestone  was  shown,  partly 
to  present  a  masonry  face  to  the  abuse  of  floating  masses  of  ice. 
etc.,  and  above  water  for  the  sake  of  appearance,  it  being  felt  that 
water  moving  not  more  than  2%  feet  per  second  with  only  frazil 
ice  in  suspension,  would  be  quite  harmless  in  eroding  concrete. 
He  was  still  of  the  opinion  that  constructing  in  above  manner  wouM 
have  been  good  engineering,  and  indeed,  leaving  aside  the  question 
of  appearance,  that  solid  concrete  walls  under  the  same  conditions 
would  have  been  as  durable  as  limestone,  and  much  cheaper. 

It  must  be  understood  that  the  work  was  all  built  in  the  dry, 
and  had  about  a  year  in  which  to  harden. 
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MAPS  AND   MAP~MAKINQ   IN  CANADA. 

By  Jameb  WniTE,  Dominion  Ueograptier. 

1  this  brief  paper  nothing  has  been  attempted  beyond  a  sketcb 
e  progress  ot  the  mapping  of  Canada  trom  the  beginning  to 
reaent  time,  with  notes  respecting  what  is  now  in  hand,  what 
proposed  to  undertake  In  the  near  future,  and  a  list  of  some 
-date  maps  Issued  by  the  Dominion  and   Provincial  Govern- 

.  review  of  maps  of  Canada  would  not  be  complete  without 
notice  ot  the  first  map  containing  the  name  "America" — 
;b  no  portion  of  Canada  is  included  In  It— known  as  the  Wald- 
jller  map  of  1507.  The  only  original  copy  that  has  been  pre- 
d  1h  that  recently  Qlacovered  In  the  library  of  Prince  Wald- 
Wolfegg,  at  Wolfegg,  in  Wurtemburg.  Ita  preservation  was, 
leas,  due  to  the  fact  that  its  original  owner,  the  cosmographer, 
in  Schoner,  had  it  bound  in  an  atlas,  whilst  the  others  of  the 
iQ  of  1,000  copies  were  probably  mounted  as  wall  maps  and 
3ed,  owing  to  their  enormous  size.  The  original  map  is  a  sur- 
igly  excellent  example  of  the  wood-cutter's  art,  and  is  the 
^Et  known  example  of  the  production  of  a  large  wood-cut  In  so 
plates — 12  sheets.  It  has  been  reproduced  by  photo-litho- 
ly  from  the  original  with  all  the  errors  and  without  retouch- 
It  is  the  irony  of  fate  that  Waldseemuller.  though  one  of  the 
lost  geographers  of  his  time.  Is  better  known  In  consequence 
a  error— an  error  that  he  corrected  In  his  1516  chart— than  o( 
(tensive  and  Important  cartographic  work. 

>ne  of  the  first  maps  that  showed  any  considerable  portion  of 
itlantlc  coast,  was  drawn  in  colour  on  oxhide,  in  the  year  150(1 
le  pilot  Juan  de  ta  Cosa.  It  has  been  a  sort  of  geographical 
1  centre  round  which  the  Cabot  controversy  ha;  raged,  the 
■ates  of  each  theory  finding  proof  of  Its  accuracy  therein,  even 
i  proving  requires  the  abstraction  ot  a  portion  and  Its  revo- 
a  through  90  degrees. 

'p  to  the  close  of  the  sixteenth  century  Canada  (or  New 
ce)  was  not  usually  mapped,  except  as  a  portion  of  America 
e  Western  hemisphere.  Subsequent  to  about  1590  its  Increas- 
mportance,  and  the  fact  that  it  constUuted  the  possessions  or 
ce  in  the  northern  portion  of  the  continent,  justified  separate 
',  the  best  ot  which  were,  for  many  years,  published  In  Paris 
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aod  Amsterdftm.  The  most  notable  makers  oF  maps 
during  tbe  aeventeenth  century  were,  on  the  Conttn 
Jalllot,  de  I'lHle,  Berlin  and  d'Anvtlle.  and.  In  Great  Bt! 
JefferyB.  Kltchln  and  Mitchell.  The  last  named  Is  of  spf 
to  Canadians,  aa  It  la  due  to  the  errors  In  a  copy  of  bis 
— which  was  used  during  the  negotiations  preceding  tl 
Versailles— that  the  International  boundary  follows  the 
Rainy  rivers  to  the  Lake  of  the  Woods  Instead  of  ae 
St.  Louis  river  from  what  Is  now  Dulutb. 

In  1795,  Aaron  Arrowsmlth  published  the  first  of  t 
maps  of  Canada  that  have  Indlssolubly  connected  his 
the  mapping  of  this  country.  All  the  surveys  made, 
geographical  Information  collected  by  employees  ot 
Bay  Co.  were  placed  at  Arrowsmltb's  disposal  and  lnc< 
bis  maps;  thus  we  have  new  editions  ot  his  1795  map  ii 
1819,  1820  and  1S21.  This  connection  gave  him  a  unl< 
far  as  Canadian  geography  was  concerned — a  very  ai 
pcsiticn  tl'l  the  atjsorptton  of  the  North  West  Co.  by 
Bay  Co.  In  1S21,  gave  the  latter  a  monopoly,  and  the  r< 
necessary  to  repair  the  losses  due  to  the  ruinous  comp* 
to  the  union    resulted  In  an  almost  complete  cessation 

During  the  eariy  part  of  the  nineteenth  century,  tb 
competition  between  the  Hudson's  Bay,  "'X  Y,"  NortI 
other  lur-tradlng  companies  stimulated  explorations  in  o 
and  western  territories  to  an  unusual  degree — not  the 
rfsulta  of  which  was  the  crossing  of  the  continent  : 
Alexaniler  Mackenzie,  which  secured  to  Canada  what  is  i 
vlnce  of  Br.tish  Columbia  and  also,  consequently,  a  Paclt 
To  make  the  surveys  and  map  the  explorations,  thesi 
employed  several  very  able  men,  notably  the  famous  Da 
son.  later  one  of  the  Commissioners  appointed  to  de 
International  boundary  between  Cornwall  and  the  north 
ot  the  Lake  of  the  Woods — and  the  comparatively  un 
alracst  equally  able  Peter  Fidler.  It  Is  noteworthy  th, 
maps  of  these  geographers  are  atUl  unpublished,  tbougl 
mation  has  been  Incortiorated  In  other  and  later  maps  i 
the  present  time,  the  surveys  of  Thompson  and  Fidle 
the  best  information  obtainable  with  reference  to  some 
our  North  West  Thompson's  map  Is  in  the  Crown  La 
ment,  Toronto,  and  Fidler's  ts  the  property  ot  the  ' 
hopes  that  the  Government  will  some  day  authorize  th 
tion  and  thus  perpeluate  their  great  works. 

In  lgl5.  Joseph  Boucbette,  Sr.,  published  a  map 
Niirth  America,  end  in  1831,  his  son,  Joieph  Boucbette,  J 
a  map  of  the  British  North  American  provinces  on  a  sci 
14  miles  to  1  inch. 
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pared  in  1882  being  based  on  a  topographically  defective  map  that 
had  been  compiled  for  another  purpose. 

Recognizing  these  defects  in  mapping  as  carried  on  in  Canada 
the  Hon  Mr.  Sifton,  in  1899.  appointed  the  writer  to  the  position  of 
Dominion  Geographer,  with  instructions  to  commence  the  compila- 
tion of  a  new  map  of  Canada,  in  8  sheets  and  on  a  scale  of  35  miles 
to  1  inch.    As  soon  as  it  was  completed  the  Standard  Topographical 

1 
map  of  the  southern  portion  of  the  Dominion  on  a  scale  of    r^  a(^ 

(7.89  miles  to  1  inch)  was  commenced,  and  sheets  covering  portions 
of  New  Brunswick,  Quebec,  western  Ontario  and  southern  British 
Columbia  are  now  under  way,  attention  being  devoted  first  to  the 
areas  that  have  been  wholly  or  partially  neglected  by  other  organi- 
zations.    The  thickly  settled  portions  of  the  eastern  provinces  are 

also  being  mapped  on  a  larger  scale,  viz.,     .^.^  /v,^,  (3.95  miles  to  1 

iJoo  uou 

inch),  which  permits  the  inclusion  of  all  the  detail  ordinarily 
required.  When  complete,  it  will  te  possible  to  supply  applicants 
with  sheets  that  are  up-to-date  and  covering  any  required  portion 
of  the  country.  These  maps  are  engraved  on  copper,  and  can  thus 
be  corrected  from  time  to  time  by  "beating  up"  the  plates  from  the 
back.    Each  sheet  includes  a  definite  number  of  degrees  of  latitude 

and  longitude — 3   degrees   in   *^^®~  "5()oooo     ^^^^^^  *^^   ^^  ^°  ^^^ 
2-Q  .,-,^.— and  any  number  of  sheets  can  be  Joined  together  to  form 

a  map  of  any  desired  area.  In  addition,  it  is  proposed  to  undertake 
work  along  other  lines  that  will  show  forth  the  economic  resources 
— developed  and  potential — of  our  country. 

The  following  is  a  list  of  the  principal  areas  In  Canada  that 
have  been,  thus  far,  mapped  in  detail: — 

1-mile  scale. — Cape  Breton  Island,  Antlgonish,  Guysborough  and 
Pictou,  and  portions  of  Cumberland,  Colchester  and  Halifax  coun- 
ties, Nova  Scotia. 

2-miles  scale. — Lake  of  the  Woods,  Rocky  Mountains  in  the 
vicinity  of  the  Canadian  Pacific  Railway,  and  small  area  near 
Dawson. 

3-miIes  scale. — Sectional  sheets  on  this  scale,  and  including 
about  4,300  square  miles  each,  of  Manitoba  and  the  Territories, 
south  of  approximate  latitude  53*  have  been  published  by  the 
Department  of  the  Interior. 

4-miles  and  3.95  miles. — New  Brunswick,  greater  portion  of 
Prince  Edward  Island,  Gaspe  peninsula,  southern  Quebec  from 
Ottawa  to  Quebec  city,  vicinity  of  Timiskaming,  Nipissing,  Sudbury, 
Haliburton,   Perth,   Windsor,   LfOndon    and   Niagara   Palls,   Ontario 
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irse  part  of  the  aaioe  province  west  oF  Port  ArCbur,  also 
id  sheets  includittg  an  area  at  about  20,000  square  miles  in 
I  Brltlsli  Columbia,  the  Atlln  dUtrlct  aud  tbe  valleys  ol 
and  MacmlUan  rivers  In  Yukon,  have  been  mapped  by  the 
and  Geological  Survey.  The  Quebec  Government  has  pub- 
laps  covering  the  portion  oC  tbe  province  lying  between  a 
wn  from  TemlahamlDg  to  Lake  St.  John  and  tbe  St.  LaW'  . 
Iso  o(  the  portion  south  oI  the  St.  Lawrence  and  east  of 

The  Ontario  Government  has  issued  a  4-mlle  map  o(  the 
1  portion  of  NIplsstng  district,  and  a  5-m)le  map  or  the 

between  Georgian  Bay  and  the  Ottawa, 
les  scale. — A  reconnaissance  map  ol  tbe  Rockies  between 
3dtan  PaclBc  and  the  International  boundary,  and  a  num- 
iheets  including  a  large  portion  ot  southern  Yukon  have 
blished.  Sufficient  surveys  to  bring  the  information  up  to 
ile  standard  were  not,  how.'Vcr,  available  for  these  sheets, 
r  should  be  classed  as  S-mlie  maps. 

lea  scale. — The  greater  portion  of  northern  Manitoba, 
Assinlbala  and  of  Alberia,  also  central  and  southern  British 
a  and  part  of  eastern  Saskatchewan,  have  been  mapped  on 
le.       Elsewhere  In  northern  Canada,  many  sheets  usually 

some  ot  the  larger  rivers  and  lakes  and  country  In  the 
,te  vicinity,  have  been  Issued,  but,  while  very  useful,  they 
be  considered  as  containing  tbe  amount  of  information 
y  to  make  a  complete  map  for  this  scale, 
-mites  acafe.— The  whole  ol  Manitoba,  Assinlboia,  Saskatcb- 
id  Alberta  and  western  Athabaska  has  been  mapped  on  this 
'  tbe   Department  of  tbe   Interior. 

owing  this  brief  resume  of  publlsbed  maps.  It  will  be  in 
I  consider  what  is  now  in  band  in  tbe  office  ot  the  writer, 
It  is  proposed  tor  the  near  future. 


The  Standard  Topographical  map  on  a  scale  ot 
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.les  t 


1  Inch),  and  the  detailed  sheets  o 


the:: 


1 


'  referred  to)  are  tinder  way,  and  will  be  pushed  lo  compie- 
fast  as  possible. 

An  Economic  Atlas  of  Canada  is  well  advanced  toward 
ion.  and  wilt  be  Issued  during  the  current  year.  It  will 
maps  showing: — 
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it  Is  desirable  to  avolil  anr  distinct  Ion  a  chat  might  appear 
,S,  the  list  has  been  omitted.  However,  any  person  dealrtiiK 
tloii  connected  directly  or  Indirectly,  with  the  geography 
ircea  oC  Canada,  Is  requested  to  apply  to  the  writer  and,  if 
,  the  itttormation  will  be  given  or,  l£  not  wlth:ii  the  punlew 
vorh.  It  win  be  referred  to  the  proper  department 


LOAD  FACTOR  ON  COST  ' 

S.    H.    Abckibald.    B.Sc. 

um  for  an  electrical  systei 
greatest  return  oa  In  vest  m 
age  to  maximum  load.  A 
.  at  power  to  tiie  consumer 
ly.  and  cost  of  power  is  at 
idences  and  offices  product 
ilns,  with  but  lltUe  load  t 
consequently  the  arerage  1< 
ry  email  and  the  load  fact< 
:onnection  with  lighting  « 
;h  causing  a  greater  peak. 
:lll  turttaer  Increases  the  di 
y  demand  load  during  the  t 
nd  (rom  buelnesB,  which  oc 

peak  load  on  the  plant  la  f 
but  a  small  average  load  i 

low  load  lactor,  and  a  poi 
D  the  greater  part  ot  the  tl 
insumer  to  secur«  a  certai) 
Me  load  factor  is  higher. 
!  load  factor  Is  10(i7e.  that 
he  twenty-tour  hours,  and  t 
on.  the  cost  o(  power  per  K. 
-eturn  on  investment  is  real 

with  high  average  load  ar 
ch  better  rates  than  all  ott 
paper  to  determine  the  de 
oad  (actor. 

y  Is  evidently  a  means  In 
my  o[  Increasing  the  aver 
!  the  battery  during  light  It 
■avy  load,  a  more  constant  1 
luced.  with  consequent  belt 

nately  the  battery  is  espei 
which  greatly  reduces  the 
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by  the  Increased  load  tactor.  The  great  benefits  obtained 
me  are  reserve  capacity  and  voltage  rogulatlon,  enabling  the 
more  efficient  lamps. 

>  storage  battery,  however,  has  not  been  considered  tn  what 
,  even  where  it  might  be  desirable,  but  rather  a  plant  Is  sn- 
of  certain  maximum  capacity  tor  the  peak  load,  and  we  are 
rmlne  what  effect  various  load  lectors  have  on  tbe  cost  of 
;)roduced. 

]  Tarious  ezpensee  involved  In  the  cost  of  power  to  the  con- 
ire  as  follows:     (1)  management;  (2)  distribution;  (3)  pro- 

a  given  system  with  given  peak  load  the  cost  of  manage- 
.  practically  constant,  no  matter  what  the  load  factor. 
!  cost  of  distribution  is  constant  with  various  toad  factors  in 
as  the  fixed  charges  and  maintenance  is  concerned.  The 
n  distribution,  however,  vary,  these  consisting  of  losses  In 
ranstormers  If  alternating  current  la  used,  meters,  tosses  In 
i  and  losses  from  theft  of  current;  all  decrease  the  output 
ordlngly  Increase  the  cost  to  the  consumer.    While  It  la  poa- 

determine  fairly  accurately  the  losses  in  lines,  transformers 
ters  with  varying  load  factois,  the  loasee  from  grounds  and 
e  indeterminate  and  require  constant  attention  to  keep  then 
certain  limits.      Yet  as  a  rule  these  latter   will    become    a 

percentage  of  the  total  output  the  higher  the  load  factor, 
ire  yet  remains  for  consideration  the  effect  of  tbe  load  (actor 
actual  cost  of  production  of  energy. 

I  higher  the  load  factor,  the  greater  is  the  amount  of  pow«r 
d,  the  longer  does  the  apparatus  operate  most  efficiently, 
er  the  ratio  of  fixed  charges  to  total  operating  expenses  ajid 
lently  the  lower  the  cost  of  power  per  unit, 
determine  exactly  In  what  proportion  the  cost  of  power  Is 
ed.  It  will  be  necessary  to  assume  a  plant,  determine  the  fixed 
rlable  charges  and  thereby  the  cost  per  K.W.Hr.  at  various 

ua  take  for  example  a  plant  with  a  peak  load  of  750  K.W. 
:hree  units  of  300  K.W.  capacity  each,  so  that  In  case  of  a 
lown  to  one,  the  other  two  may  take  care  of  the  peak  wHth  / 
rload  of  25%  on  each  and  sufficient  boiler  capacity  for  tbe 
intingency.  No  provision  Is  allowed  for  stokers,  coal  hand- 
paratus  or  economizers.  Plant  asaiiined  to  be  on  the  water 
rovlding  sufficient  water  for  conilensing  purposes. 
■ves  are  also  plotted  for  a  second  plant  of  the  same  capa- 

the  first,  but  operating  non-condensing.  In  both  cases 
water  or  railroad  connections  assumed  with  convenient  facl- 
ir  coal  handling  and  removal  of  ashes. 
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First  coBt  of  plant  complete: — 
GoDdenaing,  {118,425.00  equivalent  to  1131.60  per  K.V 
Non-coDdensIng,  1114,626.00  equlTalent  to  tlZT.40  per 
Fixed  cbEU-ges,  Condenslns. 

IntereBt  at  5% $6,921.Z5 

Taxes  and  Inaurance  at  2%..  2,368.60 

Depreciation  mactafnery  10%.  ,7,710.00 

Building  37c 1.122.00 

Total 117,121.75 

The  above  first  cost  being  for  100%  load  factor,  I 
varying  reduction  due  to  the  decreased  boiler  capacl 
loner  load  factors.  A  point  Is  reached  belov  which  I 
able  to  further  decrease  the  boiler  capacity  as  the  p 
be  taken  care  of  and  sufficient  reserve  provided  for 
repairs;  thle  point  being  taken  in  this  case  at  40%  lot 
effect  of  this  reduction  la  to  diminish  tlie  fixed  cbargi 
factor  by  11,000.00  per  year,  or  about  6%  of  the  tola: 
figures  the  lower  line  In  figs.  1  and  2  are  plotted  an 
effect  of  fixed  charges  on  the  cost  of  power. 

The  remaining  Items  of  expense  are  what  are  ge 
operating  charges  and  are  variable  With  load  factor. 
of  (1)  labor,  oil  and  waste,  supplies,  water  and  repali 
The  cost  of  labor  varies  to  a  certain  extent  wit 
but  a  minimum  number  of  men  required  to  operate 
reached  at  about  40%  load  factor,  below  which  this 
constant  The  coet  of  oil  and  waste,  auppUes,  wat 
varies  almost  directly  with  load  factor  as  the  greater  n 
per  day  that  the  machinery  remains  in  service,  the  gi 
expenses  become,  and  vice  versa.  The  second  line  ii 
Is  for  these  charges  reduced  to  the  K.W.Hr.  basis  ai 
the  fixed  charges  curve;  the  difference  between  tl 
therefore  represents  the  cost  of  labor,  oil  and  waste,  i 
and  repairs. 

The  cost  of  fuel,  usually  coal,  per  unit  of  po< 
varies  with  some  power  of  the  load  factor  less  than 
upon  the  number  and  efficiency  of  units  employed  b" 
gino  and  boiler  rooms,  also  upon  the  cost  per  ton  of 
ing  value,  and  upon  the  ability  of  the  firemen  to  get 
suits;  it  Is  of  the  utmost  Importance  to  watch  this  1 
as  greater  economy  can  be  secured  In  the  cost  of  coa 
than  in  any  other  item  of  expense.  The  calorific  val 
should  be  tested  from  time  to  time  and  compared  wli 
of  lbs.  used  per  K.W.Hr. 
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3  coal  considered  is  asaumed  to  contain  12,000  B.T.U.'b  per 
I  two  curves  are  platted  In  flgnres  I  and  2  when  the  cost  te 
id  13.00  der  ton  respectively,  the  results  being  added  to  the 


■vioua  curves  plotted.  These  figures  oC  fuel  cost  per  K.W.Hr. 
Te  the  average  usually  obtained  and  can  only  be  secured  by 
t  attention  in  the  boiler  room;   for  Instance  45%  lof.il  lac- 
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tor  In  the  first  case  1  KLW.Hr.  is   generated   from  3.5  lbs.  of  coal 
from  the  pile. 

The  ratio  of  the  indiyidual  items  of  expense  to  total  operatiOa' 
expense  is  shown  hy  figs.  3  and  4  for  the  condensing  and  non-coD- 
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densing  plants  respectively  with  coal  at  $3.00  per  ton  delivered.  K 
is  interesting  in  this  connection  to  note  the  high  percentage  of  f^^ 
cost;  in  the  average  plant  this  percentage  will  he  still  higher  thU.J 
that  shown,  but  this  indicates  how  great  a  factor  is  the  cost  of  i^^ 
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larly  with  higb  load  factors.  For  low  load  factor  the  fuel  is 
Rated  by  the  fixed  charges,  which  Is  by  far  the  he&vleet  item, 
ving  thus  determined  the  cost  of  power  for  a  plant  with  a 
'  750  K.W.,  we  eball  consider  briefly  a  larger  plant  and  ascer- 
lat  extra  economies  may  be  secured.  This  plant  we  shall 
to  have  a  peak  load  of  1,600  K.W.  and  a  maximum  capacitor 


^   3 

K.W.,  divided  into  three  units  of  600  K.W.  each.  Stokers 
,  but  no  economizers  or  coal  handling  apparatus;  the  boilers 

Bingle  line  parallel  to  the  engine  room,  and  coal  is  dumped 
B  car  Into  a  chute,  whence  it  falls  to  the  floor  of  the  boiler 
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First  co6t  of  this  plant  at  100%  load  factor  is  $241,126.00,  equira- 
lent  to  $134.00  per  K.W.  Fixed  charges,  using  the  same  per  cent 
for  interest,  depreciation,  taxes  and  insurance  as  in  the  previous 
case  become  $36,318.75  per  year.  Curves  are  plotted  in  fig.  5  for 
fixed  charges,  labor,  supplies  and  repairs,  and  fuel,  the  latter  being 
plotted  for  the  two  prices  $2.00  and  $3.00  per  ton  as  before. 


7         .c         .s         -#  i  t 
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/^-^ 

With  all  these  curves  before  us  it  might  be  well  to  make  some 
deductions  as  to  the  advisability  of  further  expenditures  in  the 
power  plant  in  coal  handling  apparatus  and  economizers,  or  In 
general,  any  apparatus  that  tends  to  increase  the  economy. 

The  higher  the  load  factor  the  greater  becomes   the    ratio  of 


1 
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▼arlable  to  fixed  charges,  and  extra  investment  is  advisable  to  se- 
cure the  greatest  economy  possible.  E<xtra  investment  in  coal 
liancUlng  apparatus  and  economizers  will  reduce  the  cost  of  labor 
and  fuel  in  greater  proportion  than  fixed  charges  are  increased;  the 
economizers  also  provides  greater  boiler  capacity  and  purer  feed 
water,  reducing  cost  of  repairs. 
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On  the  contrary  when  the  load  factor  on  a  system  Is  low,  the 
fixed  charges  are  the  governing  factor  in  the  cost  of  power,  aoid 
*xtra  expenditures  must  be  carefully  considered,  particularly  so  if 
^«el  Is  cheap. 

Having  thus  discussed  the  effect  of  load  factor  on  the  cost  of 
producing  power,  we  shall  next  turn  to  the  cost  of  management  and 
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For  total  losBes  30%  of  the  output  is  allowed;  tbis  is 
for  all  load  factors,  for  while  the  percentage  of 
losaea  varies  directly  with  load  factor,  the  percentage  o[  in- 
nate lOEses  by  grounds  and  theft  varies  Inversely  as  the  load 
The  actual  losses  from  grounds  are  constant,  hence  per- 
loss  by  grounds  varies  inversely  as  load  factor:  losses  from 
lually  occur  with  customers  having  a  short  hour  load,  and 
Iter  the  amount  of  such  load  connected,  the  greater  this  loss. 
mer  having  a  long  hour  load  runs  a  greater  chance  of  detec- 
in  others.  Hence,  the  above  ■statement  holds  that  the  total 
age  loss  will  be  constant.  Further,  this  lost  power  reduces 
)unt  of  sales,  therefore  affecting  all  the  expenses  included  in 


.  7  shows  a  series  of  curves  plotted  [or  the  1,800  K.W.  steam 
he  lower  line  repreBeoting  cost  oC  production,  the  second, 
distribution;  third,  cost  of  management,  and  [ourtb  the 
if  dlatrlbutloa  losses  on  cost  of  power,  this  last  being  the 


,1  is  expensive,  and  from  the  nature  of  things  will  Increase 
',  and  It  behooves  us  to  investigate  any  methods  of  producing 
which  is  more  economical  in  the  use  of  fuel  than  the  steam 
and  naturally  turning  to  the  gas  engine  we  will  next  pro- 
make  a  comparison  between  a  steam  plant  and  a  gaa  plant 
Ing  producer  gas  for  use  in  gas  engines,  and  from  such  corn- 
deduce  some  general  results. 

Is  well-known  the  gas  engine  has  a  very  much  higher  ther- 
[lency  than  the  steam  engine,  which  fact,  together  with  the 
Lumber  of  auxiliaries  required,  would  naturally  lead  one  to 
;  that  a  greater  economy  could  be  secured  in  the  production 

Btulties,  however,  are  encountered  at  the  outset  In  the  kind 
that  may  be  used  successfully  In  the  gas  producer.  While 
f  generat«d  from  anthracite  coal  is  very  successful  In  the 
m  of  gas  engines,  the  gas  from  bituminous  coal  contains 
ch,  when  carried  through  the  valves  into  the  cylinders  of  the 
clogs  the  valves  and  carbonises  under  the  Intense  heat  to 
t  Is  subjected  in  the  cylinder,  preventing  successful  operation. 
aanufacturers  claim  to  have  succeeded  in  removing  the  tar 
enting  Its  formation,  but  the  burden  of  proof  still  rests  with 

!  overload  rating  of  the  gas  engine  is  different  from  the 
engine  In  the  ratio  of  about  IS  to  60  per  cent.  Hence  In  de- 
two  plants,  steam  and  gaa,  for  equal  overload  capacities,  It 
ssary  either  to  use  gas  engines  of  25  to  35  per  cent,  higher 
rating,  with  consequent  poorer  economy  at  normal  load;  or 
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add  an  extra  engine  and  generator  sufficient  to  take  care  of  the 
extra  overload  capacity  of  the  steam  engine  over  the  gas  engine. 
For  example.  In  designing  a  gas  plant  of  900  K.W.  capacity  with  & 
peak  load  of  750  K.W.,  allowing  the  same  reserve  as  in  the  isteas 


4 
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plant  considered  previously,  three  engines  of  530  B.H.P.  each  ^^^^ 
be  required  with  an  aggregate  normal  B.H.P.  of  1,590  and  maxim'*^ 
B.H.P.  of  1,830,  as  compared  with  three  450  I.H.P.  equivalent  to  ^^^ 
B.H.P.  engines  aggregating  1,230  normal  B.H.P.  and  1,840  maxuni-'^ 
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:  or  three  gas  eaglnes  ol  410  B.H.P.  each  and  an  additional 
OF  3G0  B.H.P.  aggregating  1,S30  B.H.P.  on  maximum  load 
I  practical  standpoint,  this  additional  engine  wonid  be  made 


Sj  8 

aame  capacltr  as  the  rest,  the  cost  being  the  same).  In  the 
Ee  at  nonnal  load  on  the  generators  the  engines  are  30% 
□aded  with  consequent  poor  efficiency;  In  the  srcouiI  case 
St  coat  will  be  greater,  due  to  tlie  eitra  generator  and  fn- 
sizfl  of  building  required. 
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Uecture,  the  muiupiictiuuQ  t 
of  new  Industries  will,  In  the  near  future,  rapidly  Increase 
e  the  present  demand  the  annual  quantity  of  Iron  and  steel 
ired  for  home  consumption.  To  stimulate  and  encourage  the 
uctlon  of  iron  and  steel  for  our  abundant  sources  of  raw 
irlal  the  Government  has  ottered  generous  bounties  on  pig  and 

produced  In  Canada,  and  placed  an  import  duty  on  articles 
Dtactured  from  Iron  and  steel.    Regarding  the  distribution  o( 
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the  raw  material  for  the  prouction  of  pig,  the  conditions  of  the 
country  are,  however,  such  that  the  necessary  coking  coal  for  blast 
furnace  work  is  found  only  at  the  extreme  east  and  west,  while  the 
large  Provinces  of  Ontario  and  Quebec,  possessing  numerous  and 
extensive  deposits  of  iron  ore,  are  without  coal  deposits.  If  these 
deposits  are  to  be  utilized  in  the  production  of  pig  by  the  present 
method  of  smelting,  either  coke  must  be  brought  to  blast  furnaces 
erected  in  the  vicinity  of  these  deposits,  or  the  ore  of  these  Pro- 
vinces must  be  transported  to  blast  furnaces  erected  near  an  abun- 
dant coal  supply.  In  either  case  the  transportation  costs  render 
such  a  course  uneconomic.  Unless  some  other  method  of  smelt- 
ing, in  which  some  other  source  of  energy  than  that  resulting 
from  the  combustion  of  carbon  in  blast  furnaces,  can  be  proven 
to  be  practical  and  economic,  the  extensive  ore  deposits  of  these 
provinces  will  remain  to  a  large  extent  undeveloped,  and  regions 
which  might  otherwise  be  made  to  teem  with  an  industrial  popu- 
lation, will  remain  waste  areas  for  many  years  to  come. 

The  necessity  of  profitably  employing  the  electric  plants 
erected  in  different  parts  on  the  Continent,  especially  in  France, 
for  the  production  of  carbide,  which  had  to  be  closed  down  as  un- 
profitable on  account  of  over-production,  furnished  the  incentive 
to  invent  methods  for  applying  electric  energy;  first,,  to  the  produc- 
tion of  the  different  ferros,  and  subsequently  to  the  the  production 
of  pig  and  steel. 

In  the  solution  of  the  problem  of  applying  electric  energy  to 
the  extraction  of  metals  from  their  ores,  Captain  Stassano  in 
Italy,  and  Heroult  and  Keller  in  France,  have  rendered  conspicu- 
ous service.  The  description  of  the  « experiments  made  by  them 
and  the  results  obtained  attracted  wide  attention  and  were  eagerly 
discussed  in  the  scientific  press,  for  it  was  at  once  seen  that  if 
by  the  electric  process  pig  could  be  economically  produced,  such 
countries  as  Brazil,  Chili,  Sweden,  Norway,  Finland,  and  our  own 
two  provinces  of  Ontario  and  Quebec,  all  rich  in  iron  ore  deposits 
and  the  necessary  fiuxes,  and  possessing  extensive  water  powers 
but  lacking  coal,  would  be  able  to  render  themselves  independent 
of  outside  sources  by  employing  the  electro-thermic  process  for 
the  manufacture  of  their  iron  and  steel. 

It  was  with  a  view  of  ascertaining  the  feasibility  of  Introducing 
electric  smelting  into  Canada,  that  the  Honourable  the  Minister 
of  the  Interior  appointed  two  separate  Commissions  to  investigate 
this  subject. 

For  a  number  of  years  the  Ruthenburg  process  of  electric 
smelting  of  magnetite  had  attracted  attention.  Papers  on  tbe 
subject  were  read  by  the  inventor  of  the  process  in  the  meetings 
of  the  Electro-chemical  Society,  were  seriously   discussed  by  tbe 
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at  tbe  society  and  published  lb  their  tranBactlona,  which 
his  process  a  quasi  scleitUflc  sancUon.  No  examination 
made  of  the  process  br  iuiy  competent  authority,  and 
had  been  published  so  far  had  been  published  on  the 
of  the  Inventor  ot  the  process.  II  seemed,  therefore, 
tbat  the  claims  of  the  Inveotor,  which  were  rather  start- 
ding  the  efficiency  ot  his  process,  should  be  Invostlsated 
run,  and  a  Commission  was  appointed  on  the  2iid  July, 
the  Honourable  the  Minister  of  the  Interior,  conslstlne 
Temment  Electrician,  Mr.  Hlgman,  the  Metallurgist,  Mr. 
i  myseil,  with  Instructions  to  proceed  to  Lockport,  N.Y., 
Ruthenburg  electric  furnace  had  been  set  up  In  the 
ectrlc  Smelting  and  Aluminum  Works,  and  Investigate 
ncy  of  hie  proceaa. 

□nd  Commission  was  appointed  on  December  28th,  1903, 
1  to  Europe  and  investigate  the  different  electro-thermic 
for  tbe  smelting  of  Iron  and  the  making  of  steel  In  oper- 
Surope.  This  Commission  consisted  of  Mr.  C.  E.  Brown, 
i;  P.  W.  Barbord,  Metallurgist;  Mr.  Nystrom,  Drafts- 
Cote.  Secretary,  and  myself. 
ring  a  short  epitome  of  the  work  done  by  these  two 
ans  I  will  give,  with  your  permiaalon,  the  tacts  elicited 
ler  of  the  appointment  of  the  Commissions. 

Electric    Sueltino     op 


Description  of  Furnace. 
Urnace  consists  of  an  electro -magnet  (horse-shoe  pat- 
:aBt'lron,  with  pole-pieces  of  soft  steel.  The  two  limbs 
agnet  are  electrically  insulated  from  each  other  at  the 
ich.  Id  tbe  form  ot  a  Joint,  permits  the  variation  ot  tbe 
een  the  poles  by  means  ot  a  screw.  The  limbs  ot  tbe 
re  surrounded  for  nearly  their  entire  length  by  closed 
ms.  which  are  provided  at  the  end  farthest  from  the 
h  means  tor  rotating  them  towards  the  gap.  The  rota- 
Tected  by  a  separate  motor  ot  about  \i  horse-power, 
ims  serve  the  double  purpose  ot  absorbing  by  water  clr- 
Lhrough  tbem  tbe  heat  generated  and  ot  giving  motion 
e  toward  the  gap.  The  parts  ot  the  drums  to  which  the 
current  is  distributed  and  which  forma  the  electrodes 
1  with  carbon  plates.  Tbe  current  was  tumlsbed  by  two 
rect  Current  generators,  joined  in  aeries  of  50  volts  and 
Kres  capacity  each,    thus    giving    100    volta     and     3,000 
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A  Weston  ammeter  of  4,000  amperes  capacity,  a  Weston  volt- 
meter, reading  to  120  volts,  and  a  Scheefer  recording  wattmeter, 
No.  42,203,  specially  constructed  for  2,000  amperes  at  110  volts, 
were  in  circuit  with  the  main  current 

Description   of    the   Process. 

The  magnetite  is  first  coarse-crushed  and  sent  through  Cor- 
nish rollers  for  fine  crushing.  From  these  it  passes  into  magnetic 
separators,  which  eliminate  the  non-magnetic  constituents.  The 
resulting  concentrates  are  mixed  with  carbon  in  amount  some- 
what in  excess  of  the  amount  needed  to  reduce  the  ore  to  the 
metallic  condition.  Partial  reduction  of  the  ore  is  expected  to  be 
effected  by  the  working  current  in  the  gap  of  the  carbon-covered 
drums,  where,  on  account  of  the  magnetic  field,  the  mixture  of  ore 
and  carbon  forms  a  bridge,  the  carbon  being  held  in  place  by  the 
magnetite  threads  which  span  the  gap.  The  partially  reduced 
ore  in  the  heated  condition  loses  its  magnetism  and  drops  into  a 
cooling  pit,  being  replaced  by  a  fresh  mixture  of  ore  and  carbon; 
the  process  is  thus  automatic  and  continuous. 

The  partially  reduced  and  heated  ore  is  expected  to  agglom- 
erate into  masses  in  the  pit,  where  it  is  assumed  to  undergo  fur- 
ther reduction.  After  the  cooling,  the  fritted  mass  Is,  according 
to  the  patentee's  account,  melted  in  a  cupola  and  cast  into  ingots, 
or  directly  transferred  to  an  open  hearth  furnace  and  converted 
into  steel. 

Calibration  of  the  Electric   Measuring  Instruments. 

The  calibration  of  these  measuring  instruments  was  under- 
taken by  Mr.  Higman,  who  employed  for  this  purpose  his  own 
official  standards.  The  Weston  ammeter  and  voltmeter  were  found 
to  be  correct,  but  the  wattmeter  failed  to  record.  Examination 
by  the  agent  of  the  firm  in  St.  Catharines  revealed  the  fact  that 
the  lower  ball-bearing  of  the  spindle  of  the  rotating  disc  was  miss- 
ing, and  that  the  connection  of  the  potential  coil  had  been  broken. 

The  wattmeter  being  of  special  design  and  not  kept  in  stock, 
11  became  necessary  to  send  It  back  to  the  factory  in  Peoria,  Illi- 
nois. To  avoid  all  unnecessary  delay,  Mr.  Higman  undertook  to 
convey  it  to  the  factory  and  personally  supervise  its  refitting. 

Determination  of  Electric  Energy  Absorbed. 

On  the  return  of  Mr.  Higman  with  the  repaired  and  calibrated 
wattmeter,  it  was  decided  to  make  a  trial  run    of   a   quantity   of 
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leat  ta  determine  tbe  electric  horee'power  absorbed  in  tbe 
)er  ton  of  product  Tbe  following  mixture  was  employed 
;uthenburg  lor  this  purpose: — 

Molsle  Iron  Sanda 3,2'00  lbs. 

Sawdust 200    ■• 

Coke,  crusbed 800    " 

Total 4,200  lbs. 

re  coorerlDg  tbts  mixture  to  the  bin,  wbicti  was  situated 
nd  aboTe  tbe  lumace  and  supplied  tbe  furnace  by  means 
lit,  tbe  patentee  plentifully  sprinkled  the    charge    with     a 

IK>t,  in   tbe   hope   that  tbe   water   would    bind    the    in- 

al  the  mixture  sufficiently  to  prevent  their  separation  in 
according  to  their  specific  gravities.    Tbis   naturally  im- 
e  additional  useless  burden  upon  the  furnace  of  provid- 
:lent  beat  for  the  evaporation  of  such  water, 
tarting  the  furnace  It  was  found  that  the  resistance  la  the 

so  great,  that  witb  tbe  available  pressure  of  100  volus 
lut  150  amperes,  on  an  average,  could  be  driven  through 
bridge  in  the  gap,  and  even  when  the  gap  was  narrowed 
an  iucb,  the  current  could  not  materially  be  increased. 
ven  feeding  and  the  uneven  size  of  the  particles  of  tbe 
caused  the  resistance  in  the  gap  to  vary  to  sucb  an  extent 

ammeter  indications  fluctuated  rapidly  tbrougout  the  ex- 
s  50  or  even  0  and  200  amperes.  Untortunatety  the 'disc 
e cording  wattmeter  remained  stationary  whenever  the 
jtrengtb  fell  below  150  amperes.      From  this  it  is  evident 

wattmeter  readings,  as  recorded  by  Mr.  HIgman,  did  not 
t  the  whole  electric  energy  absorbed.  As  tbe  experiment 
sd,  it  was  found  that  the  eawdust  of  tbe  mixture  was 
tJally  acted  on  In  tbe  gap,  particles  passing  through  wltb- 
ng  been  carbonized,  and  tbe  large  pieces  of  coke,  heated 
?ht  redness  by  the  current,  absorlwd  the  electric  energy 
any  useful  return  in  efTeetlng  tbe  reduction  of  the  ore. 
I  sands  and  coke  particles  fell  in  a  fine,  fiery  rain  Into  the 
re  they  rapidly  cooled,  the  iron  sands  having  lost  their 
3m  before  incipient  fusion  had  set  in,  tbe  product  of  the 
In  tbe  pit  failedl  to  agglomerate  into  masses,  and  consisted 
,ly  of  nearly  the  same  physical  and  chemical  constituents 
rre  mliture  employed.       After  a  period  of  17  hours  and  ST 

it  was,  therefore,  thought  a  waste  of  time  to  continue  tbe 
lOugh  a  considerable  quantity  of  the  charge  etill  remained 
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surrounding  the  throat  of  the  furnace,  were  charged  into  the  fur- 
nace by  hand  labour.  The  waste  gases  were  allowed  to  escape  and 
bum  at  the  top  of  the  furnace. 

The  composition  of  the  charge  in  the  first  set  of  experiments 
consisted  of: — 

Ore 500  kilograms. 

Coke 100 

Llmo 60 

Quartz 30 


<> 


•« 


*• 


The  resulting  iron  was  very  grey,  containing  considerable  af 
both  silicon  and  manganese.  The  coke  was,  therefore,  reduced  to 
90  kilograms,  the  lime  to  30,  the  quartz  to  10,  and  still  later  the 
quartz  was  entirely  omitted.  The  iron  was  low  in  phosphorus  and 
sulphur. 

Tappings  occurred  every  two  hours,  and  the  molten  metal  was 
run  into  clay  lined,  horizontal,  cast  iron  moulds.  The  length  of 
run  was  55  hours.      Amount  of  pig  produced  was  9,868  kilograms. 

The  furnace  worked  quietly  throughout  the  experiments,  and 
without  the  slightest  accident,  although  the  current  reached  12,000 
amperes  in  one  set  of  experiments.  The  carbon  monoxide  burned 
on  top  of  the  furnace  in  flickering  flames,  showing  that  the  gajs 
resulting  from  the  reduction  of  the  ore  escaped  without  pressure. 
Tne  workmen  were  ordinary  Italian  labourers,  without  any  special 
training. 

The  ele(>tric  energy  expended  per  ton  of  pig  in  these  experi- 
ments was  .475  horse  power  years. 

In  a  second  set  of  experiments  the  charge  had  the  following 
constitution: — 

Ore 525  kilograms. 

Coke 95 

Lime 15 


(f 


tt 


This  was,  towards  the  close,  altered  to: — 

Ore 500  kilograms. 

Coke 102.5 

Lime 25 


<< 


i( 


The  electric  energy  expended  was  0.226  horse  power  years  per 
ton  of  pig.  The  length  of  run  was  48  hours.  Amoun.t  of  pig  pr^ 
duced  was  6,692  kilograms. 

For  the  first  set  of  experiments  the  alternator  furnishing  tlie 
current  was  a  revolving  field  machine  with  16  poles,  and  rotstiny 
at  approximately  380  revolutions  per  minute,  with  a  periodicitj  o^ 
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I  per  second,  and  was  direct  connected  to  a  bo:  ItonUl  shaft 

heel  controlled  by  a  governor.    Mean  voltage  59.1. 

tbe  second  set  or  experiments  the  alternator  employed  was 

at  about  ZSO  revolutions  per  minute,  giving  a  periodicity 
clea  per  second.    Mean  voltage  55. 3. 

scertalnlng  the  electric  energy  absorbed  when  an  alter 
urrent  Is  employed  the  volt-amperea  read  from  the  swltch- 
istruments  do  not  furnish  tbe  wortts  delivered.  Since,  on 
of  the  reactance  of  the  circuit,  the  amperes  are  not  In 
lib  the  volts,  but  lag  behind  the  volts.    It  is,  therefore. 

to  determine  the  cosine  of  the  angle  of  la«,  or,  as  it  is 
e  expressed,  the  power  factor  must  be  ascertained,  that 
i^ure  by  which  the  volt-amperea  require   to    be    multiplied 

to  furnish  the  watts  delivered.  Tbie  determination  was 
r  UB  by  the  Director  of  the  Electrotecbnlcal  Institute  of  the 
ty  of  Grenoble  tor  the  two  machines  employed  In  furnlsh- 
current  for  the  two  separate  seta  of  experiments.  The 
r  and  ammeter  In  circuit  with  the  furnaces  were  also 
!d  by  rthe  same  high  authority. 

'ender  ourselves  Independent  of  the  switch-board  instru- 
1  the  determination  of  tbe  electric  energy  abaarbad,  a 
m  recording  wattmeter,  rented  from  the  Compagnle  pour 
cation  des  Compteurs,  Paris,  and  calibrated  by  them,  was 
,ted  In  the  circuit,  although  this  necessitated  the  cutting 
eavy  copper  bars  carrying  the  current,  and  greatly  lacon- 
!d  the  firm  who  were  good  enough  to  go  to  the  .trouble  and 
penae  of  making  these  experiments  lor  us. 

Quality  and  Kind  of  Pig  Iron  Produced. 

Ldjustlng  tbe  charge  It  was  easy  to  obtain  any  grade  of  pig 
Ired,  grey,  white  or  mottled,  and  castings  were  made  direct 
:  molten  metal  of  tbe  furnace,  such  as  columns,  gear 
plates,  etc.,  all  showing  sharp  edgea  and  comparatively 
surfaces. 

Coat  of  Production  of  Pig  by  Keller  Proceas. 

Keller's  estimate  of  cost  per  ton  ol  product,  baaed  on  tbe 
consumed  In  the  second  experiment  and  found  to  be  D.226 
tiorse  power  years,  is  as  follows: — 

(Hematite.  E6%  iron)  1,842  tons  @  Jl.EO  per  ton  . .  f  2.76 

e.  0.34  tons  @  (7.00  per  ton 2.38 

sumption  of  electrodes,  ^45.00  per  ton,   34    lbs.    per 

ton  of  Iron 0.77 

e,  300  Ibfl.  at  12.00  per  ton 0.30 


VoUbGO 
amperea  11000 
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oke  and  allow  for  the  saving;  In  electric  eaergy  by  a  more 
mic  use  of  tlie  carbon  monoxide  produced  In  the  furnace  to 
istructed  with  longer  abafts  and  provided  with  appllH.nceB  Cor 
i  the  furnace  gases,  we  would  arrive  at  a  very  economic  figure 
Ich  pig  can  be  produced,  something  tike  19. 2S  per  ton. 
deeire  here  to  emphasize  that  every  step  In  the  expert- 
made  at  Llvet  has,  as  tar  as  practicable,  been  carefully 
ed. 

BIRD HANTFACTUKE    OF    STEEL   BY    THE    GlfSINOE    PKOCESS. 

'.  the  GyslDge  works  In  Sweden  steel  ot  a  superior  quality  Is 
In  electric  furnace  of  the  Induction  type. 

Description    of    the    Furnace. 

tie  furnace  consists  of  a  cylindrical  iron  casing  partly  closed 
:  baEe,  resting  upon  a  brick  foundation.  The  casing  is  lined 
Hre  brick  and  tbat  part  which  contains  the  annular  groove  la 
In  with  magnealte  or  silica  brick,  according  as  a  basic  or  acid 
is  required  (or  the  groove  which  forme  the  melting  space  or 
lie.  In  the  centre,  and  coaxial  with  the  annular  crucible  the 
ry  is  placed,  to  which  la  distributed  an  alternating  current  of 
peres  at  3,000  volts,  which  Induces  in  the  secondary  formed 
a  metal  In  the  annular  crucible  a  current  of  3,000  amperes 
olts.  The  conversion  of  electric  energy  into  heat  takes  place, 
ore.  in  the  substance  which  Alls  the  annular  crucible. 


he  [rocesa,  as  carried  out  at  Gyslnge,  consists  In  melting  to- 
r  Dannemora  cbarcoal-plg  and  Walloon  scrap  In  such  propor- 
as  will  insure  the  proper  carbon  content  in  the  steel  produced. 
he  following  is  the  composition  of  the  charge  for  the  steel 
^r  usual  manufacture: — 

White  pig  iron 300  Kgs.—C.  4.40  % 

Steel  scrap 125     '■       S.  0.01&7o 

Bar  scrap 600             P.  0.018.% 

Metal  in  furnace 700     "    — C.  O.a    % 

Silicon  pig 30              3.  0.00S% 

Ferro- Manganese    1    "       P.  0.009% 

1,756  Kgs. 
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The  crucible  is  never  emptied  completely,  but  about   700   kgs,   are 
left  in  it  at  each  tapping  to  maintain  the  current 

The  time  required  for  melting  down  this  charge  and  getting 
it  to  the  proper  temperature  is  six  hours,  when  it  is  tapped  into 
ladles  and  teemed  into  iron  moulds.  The  electric  energy  required 
per  ton  of  product  is  0.116  E.H.P.  years. 

Experiments  Made. 

Three  different  grades  of  steel  were  made  for  the  Commission: 
let:  The  regular  steel  with  carbon  content  of   li%,  for   which 

the  furnace  had  been  specially  designed.    Electric  energy 

required  per  ton  0.116  E.H.P,  years. 
2nd:  A  steel  containing    about    0.5i%    of    carbon,     which    was 

obtained  without  difficulty,  but  at  a  greater    expense   of 

electric  energy.    The  electric  energy  per  ton  required  for 

this  steel  was  0.145  E.H.P.  years. 
3rd:  A  very  mild  steel  containing  about  0.1%  of  carbon.    This 

grade  of  steel  was  produced  with    considerable    difficulty. 

The  electric  power  necessary  to  bring  the  contents  of  the 

crucible  up  to  the  proper  tapping  heat  was  not  available. 

Quality  of  the  Steel. 

The  experiments  made  with  the  Oysinge  steel  containing  1% 
of  carbon  at  the  Woolwich  Arsenal  proved  the  steel  to  be  equal  to 
the  best  crucible  steel  manufactured. 

Electrical  Measurements. 

In  order  to  be  independent  of  the  switch-board  instruments  for 
the  measurement  of  the  electrical  energy  absorbed  in  the  manufac- 
ture of  steel  at  Gysinge,  standard  volt  and  ammeters  and  a  watt- 
meter were  rented  in  Stockholm  and  placed  in  circuit. 

The  electric  current  delivered  to  the  furnace  is  obtained  from 
a  single-phase  revolving  field  alternator,  rated  at  3,000  volts  and  90 
amperes.  It  is  a  24  pole  machine  with  a  speed  of  about  75  revolu- 
tions per  minute,  giving  a  periodicity  of  15  cycles  per  second.  It 
is  arranged  with  a  vertical  shaft  direct  connected  to  a  water  wheel. 

The  low  power  factor  (average  of  first  run  0.672)  and  the  low 
periodicity  of  the  alternator  are  disadvantages  which  are  in- 
herent to  the  system  employed,  but  the  fact  that  the  furnace  takes 
current  directly  at  a  voltage  suitable  for  generation  and  transmis- 
sion over  moderate  distances,  requiring  neither  carbon,  special  con- 
nections, nor  electrodes,  with  their  attendant  cost,  loss  of  power 
and  necessity  of  attention,  is  an  important  advantage. 
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CoBt  o(  tba  Steel  Produced. 

MattrlalB 131.66 

Wages 2.66 

Renewals  and  repairs 0.60 

Electric  energy 1.48 

Ingot  moulds 0.48 

Interest  and  redemption 0.60 

Per  metric  ton  . .  . .     (37.48 
or  ¥34.00  per  ton  of  2,000  lbs. 

General  Remarks. 

The  process  as  practiced  at  Gyslnge  wltb  the  present  c 
of  the  KJelUn  tutnace  does  not  permit  the  purification  of  the 
irials  employed.  The  quality  of  the  steel  depends  entirely 
L  the  purity  of  the  component  materials  employed.  On  tbe 
r  hand  this  process  la  especially  adapted  lor  tbe  manufacture 
igh  grade  carbon  steels  and  high  speed  steels,  such  as  tungsten 
molybdenum  steels.  The  beat  la  generated  within  the  material 
if.  and  not  subjected  to  absorption  of  ga^es  nor  laipurltles  from 
trodee. 

The  capsicity  of  the  furnace  at  present  employed  is  small,  tbe 
»ut  being  a  little  over  four  tons  per  24  hours.  For  a  larger 
it,  Mr.  Kjellla  proposes  that  three  furnaces  ot  lEi  tons  capacity 
I  of  tbe  pattern  now  used  be  united  into  a  compound  furnace, 
I  separate  furnace  surrounding  a  leg  of  a  three  phase  trans- 
aer  and  made  common  in  the  centre. 

FoCBTH — The  Hekoult  Steel  Phocess  at  La  Praz. 

At  La  Pras  steel  of  different  grades  is  made  from  mlsoellaneaus 
ip  by  the  Heroult  Process. 

Description  of  Furnace. 

The  furnace  is  of  the  tilting  pattern.  In  shape  much  like  tbe 
ing  Campbell  fumaice. 

It  consists  of  Iron  casing  lined  with  dolomite  brick  and  mag- 
tte  brick  around  the  openings.  The  hearth  is  formed  ot  crushed 
nnite,  rammed  on  top  of  the  dolomite  brick-lining  of  the  bot- 
.  of  the  iron  casing.    Two  electrodes  pass  through  the  roof  of 

furnace,  which,  In   the  Kortfors  furnace,    were    water    Jacketed 

a  short  distance  above  and  below  their  passage  through  tbe 
I  casing  ot  the  root.    Tbe   current   passes   from    one    electrode 
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through  the  narrow  air  gap  l€ft  between  the  electrodes  and  the 
Blag  line,  into  and  through  the  slag  to  the  molten  metal,  along  it, 
through  the  slag  and  the  second  air  gap,  to  the  other  electrode. 

Electrodes. 

The  electrodes  are  square  prisms  360mm.  on  tbe  side  and 
170cm.  long.  They  are  made  from  retort  coke  which  contains 
from  1%  to  2%  of  sulphur.    The  binding  material  is  tar. 

Process. 

The  scrap  is  charged  through  the  doors  with  some  lime 
melted  down  and  purified  by  the  making  of  a  number  of  slags  and 
carburized  in  the  furnace  by  carburite. 

Measurement  of  Electric  Energy. 

The  electrical  readings  were  taken  on  the  regular  switch-board 
voltmeter  and  kilowatt-meter.  No  ammeter  was  in  circuit.  The 
average  voltage  was  110  volts,  the  mean  kilowatts,  full  gate  open, 
were  340. 

An  automatic  regulator  controlled  the  position  of  the  elec- 
trodes relative  to  the  bath,  and  kept  the  voltage  between  them  and 
the  bath  constant.  Two  volts  difference  either  way  brought  the 
regulator  into  action.  Whenever  the  current  fluctuated  violently, 
as  in  the  melting  down  of  the  scrap,  the  automatic  regulator  could 
be  switched  out  and  the  regulation  effected  by  hand. 

Experiments  Made. 

The  following  experiments  were  made  for  the  Commission: 
1st:  Low  carbon  steel  for  transformer^. 

The  following  is  the  composition  of  the  charge: 

Miscellaneous    scrap 3,307  lbs. 

Iron  ore 330 

Lime 246 


li 


•  > 


The  scrap  had  the  following  composition: — 

C.    =  0.110  C.    =  0.079 

Si.    =  0.152  Si.    =  0.034 

S.     =  0.055  S.    =  0.022 

P.    =  0.220  Steel  produced.    P.    =  0.009 

Mn.  =  0.130  Mn.=  0.230 

As.  =  0.089  As.  =  0.096 


122  Haanel  on  ElectrO'Thcrmic 

When  metal  and  slag  had  been  completely  melted  the  slag  was 
poured  off,  great  care  being  taken  to  ensure  the  complete  removal 
of  the  slag.  A  new  slag  was  then  made  by  adding  56  lbs.  ol 
lime,  15.5  of  sand  and  15.5  lbs.  of  fluorspar.  This  was  melted  and 
kept  in  the  furnace  for  some  time.  It  was  then  poured  off,  and  the 
last  traces  of  it  raked  off  from  the  surface  through  the  pouring 
door. 

A  third  slag  of  similar  composition  was  then  made  as  a  finish- 
ing slag  to  remove  the  last  traces  of  impurity,  and  then  poured 
off.  1.6  lbs.  of  ferro-manganese  were  added  and  the  charge  was 
poured  Into  a  ladle  and  a  little  aluminum  thrown  in  before  the 
metal  was  teemed  into  ingot  moulds. 

On  account  of  the  onallness  of  this  charge  the  time  for  work- 
ing was  only  four  and  half  hours,  and  since  the  product  was  low 
in  carbon  no  time  was  required  for  re-carburization.  The  steel, 
when  teemed,  ran  freely  from  the  ladle,  leaving  no  appreciable 
scrap.  It  was  quiet  in  the  moulds,  and  the  ingots  were  exception- 
ally sound  for  steel  of  this  quality. 

The  yield  was:  — 

2,820  lbs.  ingot. 
9    "     scrap. 
The  electric  energy  consumed  was  0.153  E.H.P.  years    per   ton    of 
steel  produced. 

2nd:     High  carbon  steel. 

The  charge  for  this  grade  of  steel  consisted  of: — 

Miscellaneous  scrap 5,733  lbs. 

Ferro-silicon 19 

Iron  ore 430 

Lime 346 

Ferro-manganese 3.3 


«« 


«« 


•« 


il 


The  purification  was  effected  as  before  by  the  making  of  three 
slags,  and  required  five  hours  and  twenty  minutes.      If  soft  steel 
had  been  required,  the  furnace  would  have  been  ready  to   tap    at 
this  time.    The  metal,  however,  required  to  be  re-carburized  ta  the 
required  point,  and  this  was  effected  by  adding,  to  it    in   the    fur- 
nace "carljiirite,"  a  mixture  of  pure  iron  and    carbon.      19   lbs.  of 
13%  ferro-silicon  were  added  at  the  same  time.      The  charge  was 
sampled  in  the  usual  way  with  a  spoon  ladle,  and  when  the  fur- 
nace man  was  satisfied    that    the    bath     contained     the    required 
amount  of  carbon,  the  metal  was  poured  into    the    ladle,   a    little 
aluminum  added  and  teemed  into  ingot  moulds.       The  metal  ran 
very  freely,  leaving  no  skull   In  the  ladle,  was  quiet  in  the  ingot 
moulds,  and  forged  extremely  well. 
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Composition  of  the  Steel  Produced. 

C 1.016 

SI 0.103  * 

S 0.020 

P 0.009 

Mn 0.160 

Ab. 0.060 

tor  working,  g  hours. 

Ic  energy  conaumed,  0.163  E.H.P.  years  per  ton  of  steel  pro- 

the  metal  bad  been  tapped  before  re-carburlzatlcm  the  elec- 
lergy  consumed  would  have  been  0.1  B.H.P.  year  per  ton. 

Quality  of  tbe  Steel. 

lese  steels  have  been  examined  tor  us  regarding  their  wear- 

alltles  as  tool  steel  by  tbe  oUcers  of  the  Woolwtcb  Arsenal 

onounced  to  be  equal  to  the  best  crucible  steels. 

nay  here  mention  tbat    for   lathe   toolE    In    large    machine 

:ruclble  steel  Is  no  longer  employed  as  tool  steel:   Tungsten 

olybdenum   steels,   or    what  are  termed    high     speed     steels, 

exclusively  used  for  laths,  planer  and  similar  tools. 

ere  Is  no  difficulty  of  producing  these  steels  by  tbe  Heroult 

s,  fetTo- tungsten  or  ferro-molybdenum  need    only    be    added 

roprlate  amounts  before  casting. 

Cost  per  Ton  of  Product 

Raw  scrap |12.00 

Electrodes 20 

Electric  energy 1.53 

Repairs  and  renewals 1.40 

Labor I.g8 

e  capacity  of  the  Heroult  furnace  described  is  small,  about 
>ns  in  24  hours;  thla  has  been  Increased  to  seven  tons  by 
dltion  of  water-jackets  around  the  electrodes,  but  without 
g  the  design  of  the  furnace,  its  capacity  could  readily  be  In- 
1  to  IE  tons. 

F  StEKL  nV  THE  Stabbano 


lut  carbon  into  Iron  In  the  production  of  pig  and  take  it  out 
by  a  second  process  In  the  manufacture  of  steel  appeared  to 
n  Stassano  an  Irrational  and  uneconomic  proceeding,  and  he 
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devised,  therefore,  a  method  for  making  all  grades  ot  iron  and 
steel  direct  by  one  operation.  For  this  purpose  the  quantities  of 
ore,  flux  and  carbon  are  calculated  out  to  furnish  by  reaction  the 
class  of  iron  and  steel  required,  brlquetted  and  subjected  to  the 
heat  of  the  electric  arc  in  his  furnace. 

Description  of  Furnace. 

The  furnace  is  uf  the  arc  type,  and  consists  of  a  cylindrical 
outer  casing  of  iron  surmounted  by  a  conical  roof.  The  furnace  i§ 
lined  with  formed  magnesite  brick.  The  axis  of  the  furnace  is  in- 
clined to  the  vertical  by  a  small  angle,  and  during  the  operation  of 
smelting  the  furnace  rotates  about  its  axis,  thus  agitating  the 
charge  and  bringing  constantly  new  material  to  the  surface  to  be 
subjected  to  the  radiation  of  heat  from  the  arc,  which  assists 
greatly  the  reactions  which  require  to  take  place  in  the  reduction 
of  the  ore. 

A  three-phase  alternating  current  of  90  volts  between  the  phases 
and  400  amperes  is  distributed  to  the  three  electrodes  which  nearly 
meet  in  the  centre  of  the  interior  of  the  furnace.  Their  distance 
apart  is  varied,  as  required,  by  a  hydraulic  regulator. 

Since  nothing  is  present  except  heat  and  the  materials  which 
enter  into  the  charge,  the  calculations  and  results  should  agree. 
This  Captain  Stassano  has  demonstrated  to  be  really  the  case  by 
an  elaborate  set  of  experiments,  and  on  the  table  before  you  are 
one  of  his  briquettes  and  some  samples  of  steel  made  by  his  pro- 
cess in  onp  operation  direct  from  the  ore. 

The  Commission  has  unfortunately  not  been  able  to  make  a 
trial  run  and  determine  experimentally  the  flgures  which  enter  into 
p.  determination  of  the  cost  of  product  by  his  process,  since  his 
furnace  was  out  of  repair,  the  roof  lining  bavins:  fallen  in  and  the 
refractory  bricks  ordered  from  Austria  for  repair  not  having 
arrived.  And  while  I  cannot,  therefore,  speak  with  authority  about 
the  efficiency  of  his  process,  we  need  to  be  reminded  that  a  metal- 
lurgical process,  which  appears  to  be  more  simple  than  another 
process,  is  not,  therefore,  necessarily  the  more  economic.  The  fol- 
lowing are  some  points  which  occur  to  me,  regarding  this  process, 
which  would  militate  against  the  economy:— 

1st:  On  account  of  the  position  of  the  source  of  heat  above 
the  charge,  the  reduction  of  the  ore  requires  to  be  performed  by 
the  solid  particles  of  carbon,  producing  carbon  monoxide.  This 
carbon  monoxide  so  formed  can  take  no  further  action  in  the  reduc- 
tion of  the  ore,  since  at  the  temperature  within  the  furnace  carbon 
dioxide  could  not  be  formed,  and  hence  the  reducing  power  of  the 
carbon  monoxide,  which  must  escape  as  such  at  the  throat  of  th« 
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energy  to  the  extraction  of  metal  from  its  ores,  and  that  familiar.ty 
with  handling  large  currents,  and  experience  gained  in  electric 
smelting  will  result  in  solving  the  difficulties  encountered  in  the 
smelting  of  ores,  which  up  to  the  present  time  have  proven  refrac- 
tory to  all  economic  processes  known.  I  need  only  mention  that 
the  treatment  of  the  highly  titanlferous  iron  ores,  of  which  enorm- 
ous deposits  exist,  have  resisted  successful  treatment  by  the  hiast 
furnace  method  of  smelting.  Mr.  A.  H.  Allen,  of  Sheffield,  who  has 
made  experiments  in  this  direction,  states: — "That  by  making  a 
highly  acid  slag  it  was  possible  to  smelt  such  ores,  though  result- 
ing in  the  wear  and  tear  and  detriment  of  the  blast  furnace,  and 
of  the  blast  furnace  manager." 

Mr.  Keller,  of  Livet,  however,  has  shown  that  the  New  Zealand 
iron  sandfi,  which  contain  9.3%  of  titanic  acid,  can  be  treated  with 
perfect  success  in  the  electric  furnace  by  the  employment  of  aa 
ultra-basic  slag  and  extreme  hot  working.  The  slag  took  up  the 
whole  of  (he  titanic  acid,  and  was  found  on  analysis  to  contain 
14%  of  it  Of  course,  such  ultra-basic  slag,  on  account  of  Its  high 
melting  point,  could  not  be  rendered  fluid  with  the  temperature 
available  in  the  blast  furnace. 

Regarding  the  conclusion  arrived  at  by  Mr.  Harbord,  the 
Metallurgist  of  the  Commission:  that  at  present  structural  steel 
to  compete  with  the  Siemens  or  Bessemer  steel  cannot  be  econo- 
mically produced  in  the  electric  furnaces,  and  such  furnaces  can  be 
used  commercially  for  the  production  of  only  very  high  class  steel 
for  special  purposes,  it  is  important  that  the  emphasis  be  placed 
on  the  words  "at  present."  His  conclusion  is  based  upon  the  fur- 
naces examined  by  us,  the  capacity  of  which  was  small,  as  it  al- 
ways is  with  appliances  for  the  exploitation  of  new  processes,  but 
there  is  nothing  inherent  in  the  nature  of  electric  furnaces  which 
would  prevent  their  being  constructed  of  sufficient  size  to  have  a 
capacity  equal  to  the  Siemens  open  hearth  furnace,  and  the  en- 
gineering difficulties  which  may  present  themselves  in  arriving  at 
a  modification  of  design  necessary  for-  s-uch  increase  of  capacity  are 
not  likely  to  be  found  insuperable.  We  need  only  look  back  in  tbe 
history  of  metallurgical  appliances  to  note  in  almost  every  instance 
the  gradual  increase  in  capacity  from  a  very  small  output  at  the 
beginning. 

Thus,  the  size  of  blast  burnaces  toward  the  close  of  the  16th 
century  permitted  only  an  output  of  three-quarters  of  a  ton  per 
day  of  24  hours.  This  increased  in  1,800  to  3.3  tons  per  day  and  iron 
men  of  that  day  would  have  though  it  incredible,  perhaps  impos- 
sible, to  increase,  as  is  now  done,  the  capacity  of  the  blast  furnace 
to  500  tons  per  day. 

Again,  30  years  ago  30  tons  of  copper  per   24    hours    was    re- 
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IS  (Kir  dut;  ror  a  copper  ruriuce;  to-day  eucb  furnaces 
tally  c&paclt)'  at  some  300  tons.  The  original  Siemens 
rtii  luraacea  (1868)  had  a  capacity  of  only  three  or  four 
idern  furnaces  have  a  captLclty  of  40  to  50  tone. 
lew  of  this,  who  is  to  say  that  etnictural  Bteel  cannot  be 
electric  furnaces  aimply  becauae  the  present  furnaces  have, 
ural  In  all  beglnnlnge.  a  small  capacity. 
e  is  no  quesUon  in  my  mind  that  we  are  on  the  eve  of 
ilevementa  as  regards  the  application  of  electric  energy  to 
iction  of  metals  from  their  ores  and  that  the  energy  of  the 
abundant,  and  as  yet  undeveloped  water  powers  of  Can- 
ere  long  be  employed  for  metallurgical  purposes. 


MINING  SECTION. 

President — ^J.  B,  Porter. 
Vice-President — K.    W.    Blackwell. 

A  meeting  was  held  Thursday,  February  9th.  1905.  Dr.  J.  K 
Porter  in  the  chair.    The  following  paper  was  read: — 

PAPKR  No.  123. 

THE  MINE  FIRE  AT  DOMINION  NO.  1  CX>LLIERY, 

GLACE    BAY,    N.S. 

By    Shirley   Davidson   and  Norkan    McKenzie. 

Dominion  No.  1,  which  Is  one  of  the  oldest  collieries  in  Cape 
Breton,  was  first  mined  by  the  General  Mining  Association  in  1S3L 

It  was  abandoned  for  some  years  prior  to  1893,  when  it  passed 
under  the  control  of  the  Dominion  Coal  Company,  which  sunk  Ui« 
present  coal,  air,  and  material  shafts  and  equipped  the  mine  witb 
the  most  modern  machinery,  such  as  endless  haulage  systems,  com- 
pressed air,  self-dumping  cages,  electric  haulage  and  electric  light- 
ing. The  mechanical  equipment  on  the  surface  consists  of: 
Babcock  &  Wilcox  boilers,  of  1,696  rated  H.P.;  one  coal  hoist 
engine;  one  man  hoist  engine;  two  26''  x  60''  haulage  engines: 
three  fans,  24  feet,  12  feet,  and  8  feet,  respectively,  with  capacities 
of  200,000,  75,000  and  25,000  cubic  feet  of  air  per  minute;  three  air 
compressors  in  three  units  of  2,600  cubic  feet  each  per  minute;  and 
one  100  K.W.  electric  250  volt  generating  unit. 

The  bankhead  consists  of  a  steel  structure  equipped  with  np- 
to-date  appliances  for  picking  and  screening  the  coal  and  delivering 
it  to  coal  cars,  and  also  to  the  colliery  boilers  and  locomotives  bf 
means  of  14"  and  12"  Robins  Belt  Conveyors. 

Underground  there  are  in  use  62  horses.  46  mining  machines 
and  340  pit  tubs. 

The  colliery  at  the  time  of  the  fire  was  producing  on  an  aver- 
age 55,000  tons  of  coal  per  month,  and  employed  about  800  men. 

There  are  three  shafts  sunk  and  used  severally  for  coal,  air  and 
material.  The  main  or  coal  shaft  generally  used  as  an  upcast— 
although  the  current  may  be  reversed — is  154  feet  deep  from  surface 
to  rail,  10%  feet  wide  by  24  feet  long,  and  consists  of  three  com- 
partments, two  for  coal  and  one  for  men.  It  is  sunk  below  the 
pavement  to  a  depth  of  7  feet  in  order  to  bring  the  cage  platform 
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borehole  into  International  Mine,  from  whence  It  flows  by  gravity 
to  the  sea.  Another  borehole  driven  from  the  surface,  519  feet  in 
depth,  contains  the  steam  and  the  exhaust  pipes  one  within  the 
other.  Steam  is  supplied  by  the  boilers  at  International  Mine, 
located  on  the  surface  almost  directly  overhead. 

The  underground  workings  of  Dominion  No.  1  cover  an  area 
of  560  acres,  and  had  produced  from  this  area  while  under  the 
management  of  the  Dominion  Coal  Company,  api>roximately  3,400,- 
000  tons  up  to  the  time  of  the  fire. 

Inflammable  gas  is  met  with  in  very  small  quantities  in  the 
workings,  but  a  sufficient  amount  of  ventilation  is  maintained  by 
a  powerful  24  feet  Dixon  fan,  which  circulates  114,000  cubic  feet 
of  air  per  minute  with  one  inch  water  gauge. 

A  water  service  is  maintained  for  boiler  supply  and  other  pur- 
poses on  the  surface  through  a  6"  pipe  leading  from  a  small  stream 
distant  about  a  mile  from  the  Colliery.  An  efficient  supply  is  kept 
up  by  a  250  gallt>n  14  x  8  x  12  Knowles  pump.  The  etream  is 
dammed,  and  forms  a  reservoir  capacity  of  7,000,000  gallons  on  the 
edge  of  which  is  located  the  boiler,  pump  and  pump-house. 

About  3.30  in  the  morning  of  Thursday,  March  tlie  19th,  1903, 
a  workman  returning  from  work  discovered  fire  in  a  cross-cut  be- 
tween the  Back  and  Main  North  Deeps  near  No.  3  lAnding. 
about  1,200  feet  from  the  shaft  bottom  and  about  147  feel  below  sea 
level.  The  opinion  is  that  it  was  started  on  the  back  deep  side  of 
the  stopping  by  a  workman  carelessly  throwing  away  the  lighted 
wick  from  his  lamp,  or,  contrary  to  all  rules  and  regulations,  kind- 
ling a  fire  in  order  to  warm  tea.  This  back  deep  is  used  as  a 
travelling  road,  and  the  stopping  in  question  was  the  same  as  all 
others  built  in  the  cross-cuts  in  the  pillar  between  the  Back  and 
Main  North  Deep.  It  was  composed,  as  most  of  them  are,  of  hem- 
lock boards  lined  with  brattice  cloth:  the  average  width  of  this 
particular  cross-cut  was  12  feet.  Some  loose  boards  were  lying 
alongside,  and  it  is  probable  that  some  rubbish  had  also  collected, 
as  is  generally  the  case  in  the  waste  places  of  mines.  On  account 
of  the  location,  the  fire  was  an  exceedingly  difficult  and  dangerous 
I  one  to  deal  with.    Alongside  of  it  to  the   North  was  an    old    and 

abandoned  section,  where  some  time  previously  a  bad  crush  had 
made  it  necessary  to  protect  the  pillars  along  the  travelling  road 
with  a  considerable  number  of  props  lagged  behind.  The  work- 
man who  made  the  discovery,  instead  of  making  any  attempt  to 
stamp  out  the  fire,  as  might  have  been  done  in  this  early  stage,  fled 
to  the  shaft  bottom.  This  he  reached  after  a  difficult  passage 
through  the  smoke,  which  quickly  collected  and  poured  up  both 
North  Deeps  with  the  air  current  to  the  shaft. 
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e  auction  reached  a  length  ot  350  feet.      The   Narth   Deeps 

0  the  Are  were  bo  badly  fallen  that  pumping  could  not  be 
ed  in  them.  Four  pumps  were  therefore  carried  down  the 
Deep  and  discharged  up  the  shaft  to  the  surface  till  No.  1 
e  waa  reached  when  discbarge  lines  were  laid  along  this  to 
inel  opening  to  the  sea,  thus  cutting  oS  SO  feet  ot  bead. 
mpe  on  this  deep  were  carried  along  on  a  suction  of  about 
t  until  No.  4  Level  was  reached,    when    they    were     moved 

the  Centre  and  North  Deepe,  discharging  to  the  sea  through 
inch  discharge  lines. 

len  the  water  receded  below  the  lodgement  on  the  North 
tiis  lodgement  was  used  ae  a  second  lltt.  Five  pumps  were 
at  this  point,  and  water  was  delivered  to  them  by  the  four 
g  down  the  Middle  and  North  Deeps.  The  eight  pumps 
g  on  the  South  Deeps  were  then  pumping  to  the  pit  bottom 
ent  from  which  four  large  pumps   pumped    to    the    surface 

1  the  material  shaft.  The  pumping  was  ot  necessltr  at  times 
ow  on  account  ot  the  numerous  falls  which   had   taken  place 

shifting  ot  pumps  and  by  the  resumption  of  mining  before 
was  clear  of  water. 

May  30,  1904.  Just  one  year  after  the  beginning  of  pumping 
one,  the  mine   was   completely   pumped    out.      Besides    the 

000  gallons  which  filled  the  mine,  the  mine  was  making 
lOO  gallons  per  minute  during  this  period,  which  amounted  to 
Imately  276,000,000  gallons.      The  total    number    of    gallons 

1  waa  therefore  792,000,000. 

t  taking  Into  account  the  work  done  by  the  pumps  at  the 
lift,  the  performance  of  the  pumps  was  as  follows: — 

Knowles 47,S46  hours. 

Smith  Vale 9,640      " 

Cameron til 

s  results  show  that  the  Knowles  and  Smith  Valle  and  Cam- 
imps  worked  constantly  during  thla  pedod  at  an  average  ot 

their  capacity  or  at  the  rate  of  250  gallons  per  minute,  or 
jallons  per  hour  of  the  Knowles  and  Smith  Vale,  and  12,000 
.  per  hour  for  the  Cameron. 

a  Air  CompreHBOre  which  kept  these  pumps  in  operation 
orked  to  their  full  capacity.      To  relieve   them   the    pumps 

around  the  lodgement  at  the  shaft  bottom  were  driven  by 

e  action  of  the  gases  from  the  flre  on  the  pipes,  ropes  and 
□rk  around  and  in  the  coal  shaft  was  /ery  destructive.  All 
le  and  pipe  that  had  been  exposed  to  it  were  so  badly  eaten 
implete  renewals  were  necessary. 
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.  of  which  one,  6,000'  long,  is  flaiBhed,  while  the 
2,400  long,  la  half  completed,  are  under  the  supervlalon  ol 
ment  of  Public  Works.  The  rest  of  the  works  are  controlled 
>  Department  of  Railways  and  Canals.  This  paper  will 
i  only  the  latter. 
e  work    may  be   divided   Into   excavation   of    channels  and 


r     CoLaoRNc     Harbour      Improvemcnts 


Fig.    1. 

'ovldlng  at  new  docks.  Beginning  at  the  breakwater,  a  depth 
1b  to  be  made  to  the  nortb  end  ot  the  canal  basin  and  in  the 
ty  of  the  two  new  docks  built  at  the  end  of  the  old  pier.  AIL 
B  excavation  up  to  the  entrance  ot  the  canal  basin  is  in  solid 
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hese  cribs  are  built  on  w&ys  up  to  7  or  8  courses,  and  then 
bed  and  flniahed  In  the  water.  Owing  to  depth  ol  water  lin 
asln  being  insufficient  to  float  a  flatshed  20  course  crib,  it  was 
aary  to  tow  cribs  into  the  open  lake,  hnd  finish  them  near 
sites. 

ribs  were  built  by  derrlclcs  afloat  on  scows.  A  feature  was 
lacing  ot  the  derrlclc  at  the  edge  at  the  scow,  and  so  arrang- 
le  stiff  legs  that  the  derrick  boom  could  have  greatest  possible 
1  of  action.    Only  one  move  was  required  by  -the  scow  to  lay  a 

course  at  timber.  Hoisting  engines  having  boom  tall  and 
Ing  drums  were  used,  so  that  the   englneman    controlled    the 

mbvement  of  a  stick  of  timber.      The  timber  was  unloaded 

vessels  directly  into  the  water  In  piles  or    moulinettes;    this 

the     most     convenient     method     oF     storln;     the     enor- 

quantities  ot  Umber  used.    As  required,  the  moullnettes  were 

alongside  the  crib  scows  and  built  directly  Into  the  cribs, 
imber  was  thus  placed  In  the  crib  with  only  one  handling,  as 
lip  was  bound  by  contract  to  unload  Its  own  cargo. 
he  crib  scow  also  had  an  air  compressor  plant  to  supply 
aatlc  augers  used  tor  boring,  as  all  drift  bolts  were  driven 
loles  bored  j,  to  y,  t^n  biiihII. 

gang  ot  20  men  in  all  launched  two  crib  bottoms  of  7  courses 
inders  regularly  each  week,  while  a  completed  crib  repre- 
1  about  8  days'  work. 

riba  were  sunk  by  placing  on  them  several  concrete  blocks  on 
irary  plattorms  at  ends  and  middle.  When  properly  aligned 
evel  the  filling  was  dumped  in  as  rapidly  as  possible,  and 
)  later  placed  In  their  proper  position.  Owing  to  weather 
lions  the  ailing  of  each  crib  bad  to  be  completed  at  once,   or 

2,000  cubic  yards  ot  stone  filling  provided.  All  this  filling 
Iredged  up  from  the  eicavation  referred  to. 

Concrete  Blocks, 

hese  blocks.  4'  x  4%'  x  V,  were  moulded  In  timber  forme  made 
dressed  pine,  tongued  and  grooved.  A  piece  nailed  to  the  side 
)uld  gave  the  reguired  joggle  to  the  bloc!;.  The  mould,-  v;ere 
icross  by  two  V6"  round  Iron  rods  with  nuts,  threaded  both 
The  lower  rod  passed  through  the  partition  forming  end 
1  of  block. 

Ides  were  held  In  position  by  the  shoultler  formed  by  lapping 
■  X  4"  upright.  To  remove  moulds,  nuts  are  slacked  and 
hts  taken  down,  when  the  sld^s  will  remove  In  one  piece  and 
be  utilized  again.  These  moulds  were  fllleii  with  concrete  In 
s  and  allowed  to  set  tor  48  hours  before  removal  ot  moulds. 


jn  Port  Colborn€,  Harbour  H' 
I  blocks  were  BuOcieiiUy  set  1 

lock  Is  a  basin-Hke  depressl 
is  moulded.    Wb«a  blocks  a 

ete  of  wall  fllllng  up  joggled 
eacb  block  aod  between  top 
any  lateral  dleplacement  of 

t  be  caus«d'br  Impact  of  tbc 


allows  of  the  simple  method 
are  4, 

yaa  experienced  In  setting  tt 
pecially  tbe  latter.  This  ws 
r  bed  left  by  tbe  dumping  In  o 
Hug  same  in  Z'  and  3'  of  wat 
i  the  blocks  are  now  made  wl 
block  which  allows  of  tbe  1 
i  neighbouring  block. 
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uldB  [or  the  concrete  wall  are  of  similar  material  to  block 
and  similarly  tasteDsd.  except  the  lower  rod,  which  rests 
block  and  supports  outside  upright  which  overhangs  the  lace 
This  rod  remaios  In  the  wall.  The  rear  upright  Is 
Into  the  loggle.  Moulds  were  erected  In  sections  ot  60  to  75 
day's  work.  The  next  day's  work  began  at  finishing  point  ol 
8  day,  which  allowed  sufficient  expansion.  Canvas  nailed 
le  face  ot  mould  and  allowed  to  drape  over  the  block.  r«a» 
vely  used  to  prevent  washing  out  ol  concrete  by  seas  betore 
:bly  set  at  the  level  of  block. 


Fig.    7. 

Concrete, 

;rcte  was  1.  2.  4.  mixture.  Owing  to  the  large  area  covered  by 
rks  it  was  Impossible  to  set  up  a  permanent  plant  anywhere, 
Dvenlent  approaches  to  most  of  the  work  being  by  water, 
n  of  utilizing  a  Boating  plant  was  adopted  with  good  results, 
large  deck  acow  was  equipped  with  a  derrick,  mixer,  and 
',  and  storage  provided  for  cement  and  sand.  The  lay-out 
arranged  that  the  derrick,  having  SS'  boom,  controlled  all 
^rations.  Materials  for  the  day's  work  were  loaded  each 
g,  and  the  scow  towed  to  the  site.  The  stone  for  crushing 
talned  directly  from  the  back  filling  of  the  cribs  and  hoisted 
crusher  platform  In  tubs,  where  two  men  fed  it  continually 
crusher.  This  stone,  being  dredged  from  the  bottom  of  tbe 
'as  clean  and  excellent  tor  concrete.  The  stone  thus  crushed 
lit  below  into  another  skip  or  tub.  When  3"  or  4"  have  ac- 
led  tbe  spout  door  Is  closed  and  a  wheelbarrow  ot  sand  from 
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arger  boiler  on  the  scow  provided  Bt«aiii  for  bolst,  crusher 
sine,  and  small  pump,  whlcli  fed  water  to  the  mixer, 
average  day's  work  consisted  ot  65  to  76  yards  for  a   gang 
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Ullans,  torman  and  holstmao,  or  about  50  cents  per  yard  for 
.  Cemeat  used  (at  least  40,000  barrels  to  date)  was  Ratb- 
Har,"  made  in  Deaeronto,  Ontario,  and  the  results  obtained 
leen  excellent. 
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•  mixer  moved  on  tracks,  and  both  could  be  lifted  08  and 
on  a  wall  within  radius  ot  boom,  and   the   concrete   nTocess 

AS  before.  Such  a  method  was  used  In  laying  the  concrete 
Ferlng  of  the  docks. 

ESCAVATION. 

)  principal  Item  ot  this  part  ot  the  work  consisted  of  the 
,  blasting  and  dredging  of  300,000  cubic  yards  of  very  hard 
mestone  over  a  great  area.  The  above  quantity  is  In  place, 
w  measurement.  The  cut  varied  from  6"  to  6'  but  to  get 
Q  grade  It  was  necessary  to  drill  and  blast  to  2'  or  3'  below 
de  line  to  avoid  pinnacles  and  ledges  being  left.  No  pay- 
:  allowed,  however,  for  this  extra  depth.  Owing  to  constant 
itlons  by  storms  this  has  been  the  most  troublesome  part  ol 
■k. 

DBII-LIIIO      and      BL.ASTING. 

drill  and  blast,  a  submarias  drill  boat  is  used,  consisting; 
eclally  strong  hull,  steel  preferably,  housed  over  and  carry- 
boiler,  large  steam  pump  drill  frames,  drills  and  hydraulic 

(  latest  type  uned  at  Port  Colborne,  and  built  iu  1903,  con- 
steel  hull  100'  X  27'  X  6'  ot  %'  plate  (see  Figure  10)  having 
nd  longitudinal  trusses  composed  of  channels  and  bracing, 
be  noticed  that  the  drill  frame  side  is  specially  strengthened 
'tening  the  panel  length  in  cross  section  so  that  the  panel 
mes  under  the  drill  frame,  and  also  by  the  use  of  i4"  x  IH" 
nd  bracing  laasltudlnaliy.  The  stresses  are  beni  a  maxi- 
iwing  to  constant  pounding  of  drills  and  the  impact  of  the 
iderneath.  The  boat  Is  pinned  up.  I.e.,  part  of  her  weight, 
'  60  tons,  taken  on  oak  spuds  14"  x  16"  at  each  corner.  She 
held  In  place.  These  spuds  run  in  guides  and  have  cast 
eking  sunk  even  with  their  face  on  inner  side,  A  gear 
attached  to  slides  works  In  this  racking  aad  lowers  or 
ipuds.  A  single  upright  engine  operates  a  series  of  shafting 
leek  which  connects  by  a  sprocket  wheel  and  chain  to  the 
leel  working  in  the  racking.  This  method  of  pinning  up  is 
red  preferable  to  an  engine  0:1  each  spud  where  winter 
I  to  be  done. 

\  drill  proper  is  attached  to  a  carriage  composed  of  two 
latticed,  and  having  a  saddle  at  the  top.  This  carriage 
on  two  uprights,  i.e.,  the  drill  frame.  An  hydraulic  ram, 
;  between  these  uprights  and  attached  to  the  saddle  takes 
ce  ot  the  hand  feed  on  land  drills.  This  ram  la  controlled 
iree-way  valve,  by  whicli  the  drill  .arriasJ  ia  lowered  or 
and,  ot  course,  the  drill  with  It.     A  duplex  force  pump,  to 
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e  little  differeoce  to  average  result  as  seen  from  June  aad 
corde,  t£ie  depth  of  drilling  in  ttie  former  month  being  in 
of  the  latter.  A  deep  hole  requires  an  extra  dr.il  bar  wltlcu 
ime  to  Insert,  and  deep  drilling  la  also  trouDlesome  on 
.  of  binding,  etc.,  but  this  is  off-aet  by  the  extra  blasting  in 
'er  drilling,  and  loas  of  time  In  starting  holes, 
■  best  performance,  as  Indicated  by  the  record,  was  the  drili- 
ViZ  boles,  or  1,615  feet,  in  72  hours,  day  worK,  from  April 
Hh,  or  an  average  oC  22.4  feet  per  hour,  per  three  drills, 
ly's  work  was  315',  or  aa  average  of  'iT  per  hour. 

DKElXilNO. 

i  dredges  used  to  dig  this  rock  are  of  rei^ent  c^jnitrucCion. 
2  and  1904.  and  possess  great  power.  The  hulls  are  of  steel 
te  at  Bides  and  1"  at  bow.  The  dredge  Is  pinned  up  on  two 
i  spuds  of  36"  X  W  British  Columbia  Br  running  in  slides, 
jpuds  form  the  front  corners  of  the  hull,  which  gives  a  clear 
Lth  no  projections  to  be  knocked  ofT.  At  the  stern  (aco^ 
I  single  spud  20"  square  placed  in  centre  of  boat,  and  at  an 
Lo  the  vertical  holds  boat  up  agaioi^t  the  bank,  and 
ts  swinging.  This  spud  is  [geared  similar  to  i.'rlll  spuds, 
IS  a  separate  engine,  while  forward  spuds  f>re  operated 
h  of  the  machinery  Kelsons,  which  instead  of  being  small  I- 
30X  girders,  consist  of  a  stiff  truss  the  depth  of  hull  and 
d  to  deck  channels  above,  as  well  as  to  floor  or  bottom  of 
This  greatly  stiffens  the  vulnerable  part  of  the  boat,  the 
nd  prevents  working  of  Kelsons  under  the  pull  of  the  en- 
Lnd  consequent  opening  of  bottom  and  bow  plati^.    Another 

is  the  carrying  of  the  overhead  truss  the  full  length  of  the 
hua  affording  a  secure  fastening  of  the  stem  anchor  and  a 
distribution  of  the  stress  It  exerts,  besides  adding  to  the 
I  stiffness, 
c  power  Is  got  from  two  IS  x  20  horizontal   engines   fed    by 

Marine  Boiler  11'  x  13',  furnishing  140  lb  pressure.     A  small 

on  the  engine  shaft  operates  a  larger  pinion  on  a  shaft,  to 
da  of  which  are  attached  two  more  small  plnlona  operating 
Lin  hol&tlng  drum,  which  Is  8'  In  diameter.  The  first  series 
'ting  is  extended  In  bearings  to  the  aides  of  the  boat,  and  has 
id  to  It  the  drums  for  lifting  spuds.  When  the  boat  is  pinned 
se  drums  are  thrown  out  of  gear  and  the  spuds  held  up  by 
1  brake,  operated  on  deck  by  the  crew.     To  lower  away  the 

It  la  only  necessary  to  slack  the  friction  brake, 
e  hoisting  cable  Is  of  2Vi"  wire  rope,  and  the  life  of  a  cable 
glng    rock   with    these   powerful    dredges    is   not    over    two 
B.    The  dredges  are  of  the  single  whip  variety,  no  system 


DISCUSSION. 

Mr.   Henry  Goldmark  wished   to  ask  the  author  whether  tte  Mr.  o 
icrete  Blabs  relerred  to,  had  been  put  In  place  over  tte  concrete 
lie,  and  it  so,  whether  any  trouble  had  been  experienced  from 
eking. 

The  author  replied  that  tUer  bad  been  put  Into  service,  aud  aa  Mr.  H 

no   trouble  had   been   experienced  from  cracking.     They  had 
y  been  In  service  about  a  year,  however. 

The   chairman  considered   65   to   75  yards  of  concrete  per  day,  Mr.  h 
mentioned  in  the  paper,  a  pretty  good  record  for  18  men. 

With  reference  to  the  7&7o  dynamite,  Mr.  E.  McG.  QulrKMr.  Q 
:hed  to  know  whether  any  other  strength  of  dynamite  or  any 
.er  form  ot  explosive  was  used,  and  whether  there  were  any 
lilable  data  with  regard  to  the  ratio  of  the  cubic  yards  moved, 
'  pound  of  explosive?  Aleo,  with  regard  to  the  65  to--T5  cubic 
'ds  per  day,  whether  this  was  quantity  of  rock  as  measured  In 
ce,  or  in  the  loose? 

Mr.  Hogan  replied  that  the  only  stiength  of  dynamite  used  was  Mr.  H 
'd.       In  regard  to  the  65  to  7&  cubic  yards  per  Jay, — this    was 
w  measurement. 

Dr.  J.  B.  Porter  thought  It  was  the  present  practice  in  most  tir.  p 
'marine  work  to  use  75%  dynamite.  Some  little  time  ago  an 
[Ineer  Jn  charge  of  an  Important  harbor  improvement  had  told 
n  that  in  all  his  work  7&%>  dynamite  was  used  when  working 
ler  water,  and  it  was  found  that  It  was  more  salistaclory  than 
Teaker  percentage.  He  believed  the  lower  percentage  dynamite 
a  very  seldom  used  under  water. 

Mr.  W.  J.  Sproule  aald  he  considered  the  paper  a  very  interest-  Mr,  Si 
;  description  ot  an  enormous  piece  of  work.  He  would  not 
empt  to  discuss  the  work  in  Its  dllTerent  aspects,  but  wished  to 
ke  a  few  remarks  In  connection  with  the  drilling  and  blasting. 
e  paper  stated  that  for  drilling  and  blasting  a  sub-marine  drill 
It  was  used,  consisting  of  an  eapeciaiiy  strong  hull,  ateel  preter- 
y,  housed  over  and  carrying  the  boiler,  large  sieam  pump  drill 
mes,  drills  and  hydraulic  feed  for  same.  The  Montreal  Harbor 
EmissionerH  had  a  drill  boat,  built  by  themselves,  of  wood 
.irely,  8!)  feet  long  and  27  feet  wide.  This  drill  boat  had  been  do- 
;  some  very  heavy  work,  had  three  drills  working,  and  had  done 
Tk  ae  deep  as  42  feet.  75%  glycerine  bad  often  been  used,  and 
pection  had  shown  that  the  drill  boat  was  very  slightly  afTected 

the  work.     The  drill  boat  mentioned  in  the  paper  was  of  steel, 
lie  the  Montreal  boat  was  of  wood.    The  former  was  especially 
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Id  yet  do  permanent  work.  He  had  beard  tbat  tble  work 
as  also  to  be  tried  at  Depot  Harbor,  tbe  work  in  wtaicb  he  bad 
len  Interested  prevloualy,  but  he  bad  not  heard  ot  results  Irom 
lere.  He  had  seen  tbe  moulded  timbers,  but  had  never  seen 
lem  put  togetber.  It  the  scheme  would  work,  he  thought  there 
ight  to  be  about  a  60%  saving  la  concrete. 

Mr.  D.  HacPherson  asked  tf  it  would  not  be  more  expensive  Mr. : 
I  make  than  concrete  blocks. 

Mr.  'Mountain  thougbt  it  would.     Another  point  which  struck  ur. 
m   was,  tbat  when  the  iurge  steamers  struck  the  concrete,  there 
igbt  be  a  tendency  to  crack  it.    However,  the  manner  In  wblcb' 
great  man^  cribs  have  been  built  has  been  simply  money  thrown 
ray,  and  the  patent  crib-work  ought  to  be  an  Improvement, 
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IltTEBFXBENCE  DCK  TO  STATIC  Cbaboeb. 

The  Interference  wbicb  reeultB  from  tbe  first  of  these  two 
lources  Is  readily  overcome  since  the  oscillator  of  a  wireless 
'ccelTing  station  may  always  be  given  a  metallic  connection  to  the 
artb  sufficient  to  maintain  It  clear  of  statical  charges  without  In 
my  appreciable  degree  Interfering  with  Its  operation  as  a  receiving 
iscillator. 

Thus  for  Instance  if  the  vertical  oscillator  Includes  a  condenser 
Qsulating  a  portion  of  the  vertical  oacUlator  from  the  earth,  tlie 
ondenser  may  be  shunted  by  a  coll  of  inductance  bo  large  that 


□r  the  high  frequencies  employed  li^  wireless  telegraphy  It  will 
iperate  practically  as  an  open  circuit,  whilst  affording  a  ready 
lath  to  earth  tor  tbe  electrical  charges  which,  in  its  absence,  would 
iccumitlate  upon  -tbe  vertical  oscillator  and  produce  disruptive 
lischarges  to  earth. 

Again,  If  a  highly  sensitive  detector  or  receiving  device  be 
Deluded  directly  In  tbe  vertical  receiving  oscillator,  such  an 
nductance  coll  may  be  placed  in  shunt  to  the  receiver  without 
ippreciabiy  affecting  its  sensitiveness.  The  coll  will  then  serve 
IS  a  by-path  for  tbe  currents  due  to  the  passage  ot  the  charges 
}f  the  vertical  oscillator  to  the  earth. 

Another  device  which  may  serve  to  still  further  protect  the 
receiver  under  these  conditions  Is  that  Illustrated  In  Pig.  1,  In  which 
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ilent  here  to  note  that  the  local  circuit  being  resonant  to  a 
lency  sufficiently  high  lor  the  purposes  of  wireless  tetegraptaf, 
not  be  appreciably  affected  by  the  more  slowly  varying  currents 
tie  vertical  oscillator  by  wbicb  tbe  latter  la  maintained  free 
static  charges. 

iNTERFEttEKCE    DL'E     TO     E^ECTBOUAQNETIC    WAVES. 

iteming  now   to  the   prevention  of    interference    liy    electro- 

aetlc  waves  such  as  emanate  from  other  wireless  stations  than 
with  which  it  Is  desired  to  hold  communication,  and  to  the 
ention  of  Interference  by  stray  electromagnetic  waves,  we  find 
the  solution  of  the  problem  depends  upon  the  character  of 
message-bearing  wave,  the  energy  of  which  It  is  desired  to 
ey  to  the  receiving  device,  and  also  upon  the  character  of  the 
irbing  waves,  the  energy  of  which  It  is  desired  to  exclude  or 
rt  from  the  receiving  device. 

We  can  control  the  character  of  the  waves  whose  energy  we 
I  to  receive,  by  suitably  designing  the  apparatus  to  be  used 
he  transmitting  station,  but  we  have  no  control  over  the 
acter  of  the  disturbing  waves  except  in  so  Far  as  these  arise 
1  wireless  stations  within  operative  range  of  the  receiving  sta- 

Tlie  simplest  solution  of  this  problem  Is  to  cause  each  trans- 
er  to  send  out  its  signals  by  means  of  persistent  trains  of  simple 
tonic  Kates  of  a  frequency  materially  different  from  that 
loyed  by  any  other  transmitter  within  operative  range  of  the 
Lving  station  with  which  com  muni  cation  Is  to  be  maintained 

to  ma1<e  each  receiver  responsive  only  to  persistent  trains  of 
•U  harmimlc  waves  of  the  frequency  employed  by  the  transmitter 
1  which  it  ia  In  communication. 

By  this  means  the  system  is  rendered  selective  and  becomes  a 
tiple  system  of  telegraphy,  permitting  the  operator  at  each 
Ion  to  select  the  station  with  which  he  wishes  to  hold  com- 
Ucatlon  to  the  exclusion  of  all  the  other  stations,  and  by  which 
umber  of  messages  may  be  transmitted  simultaneously  in  a 
!Q  region  without  Interfering  with  one  another. 
Since  the  stray  electromagnetic  waves  arising  from  lightning 
,  are  not  persistent  trains  of  simple  harmonic  waves,  but  partaice 
'e  of  the  character  of  Isolated  impulses,  the  receiver  in  such  a 
:em  does  not  respond  to  such  stray  electromagnetic  waves  and 
9  therefore  also  freed  from  interference  which  would  otherwise 
!e  from  such  sources. 

The  manner  in  which  a  transmitting  station  is  made  to  de- 
ip  persistent  trains  of  simple  harmonic  electromagnetic  waves 
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In  PigB.  &  and  6  tbe  genesis  ot  a  wave  frc 
:oT  Ao  earthed  at  Ite  lower  extremity  is 
'  and  S  tbe  effect  or  an  elevation  and  dep 
'  the  earth  upon  the  wave  fronts  at  that  b 


e  may  next  consider  the  earth  connection 
tor  and  tbe  nature  of  tbe  support  tor  thi 
Ithough,  by  the  use  of  such  waves  as  ai 
.Uy  tbe  current  density  in  tbe  surface  of 
from  tbe  transmitting  oscillator  Is  re 
nevertheless  at.  and  In  the  Immediate  n< 
if  the  vertical  oscillator,  the  current  denalt 
Moreover  since  the  current  Is  of  high 
V  only  on  the  surface  of  tbe  earth.    For  tl 


F,^ 


IcjiClons  for  otrta'nlng  a  good  earth  conneci 
Dg  a  conductor  of  large  area  so  deep  in 
tie  In  permanently  moist  earth,  are  no  Ii 
[n  a  properly  constructed  wireless  telt 
ctivlty  of  the  siirfdiT  of  the  earth  In  the  1 
of  the  base  of  the  oscillator  is  artlflcii 
Irifil  •jriiiiiKl-flule  composed  of  sheet  metal 
Jing  radially  from  the  base  of  the  oscilla 
an  area  about  the  base  of  the  oscillator 
iirpose  and  consistent  with  reasonable  eco 
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Since  tbe  waves  are  borizoatall]'  polarUed,  the  supports  tor  tbe 
vertical  oscillator,  such  ae  masts  and  guy-ropes,  should  either  be 
ol  InsuIattDK  material,  or  if  of  metal,  the;  should  be  divided  by 
Insulation  Into  sections  short  compared  to  one-halt  tbe  wave- 
length of  any  of  the  waves  to  be  employed.  The  reason  for  this  Is 
that  tbe  fundamental  free  period  of  vibration  of  a  linear  conductor 
Is  such  as  to  cause  It  to  respond  most  energetically  to  waves  of 
twice  its  own  length.  F\>r  such  wave'Iengths,  therefore,  tbe  linear 
conductor  would  absorb  an  undue  amount  of  the  energy  dt  tbe 
waves  and  moreover  because  of  tbe  rise  of  potential  which  occurs 
at  the  ends  of  tbe  conductor  for  waves  of  such  length  it  would  be 
difficult  to  insulate  the  conductor  from  the  earth  or  adjac^it 
portions  of  the  support  of  the  vertical  oHcillator. 

We  come  now  to  the  vertical  oscillator  Itself.  This  In  general 
consists  of  two  parts,  the  elevated  conductor  per  se  and  the  devices 
through  which  it  is  connected  with  the  earth. 

We  shall  here  consider  the  relatively  simple  case  in  which  the 
elevated  conductor  is  a  straight,  cylindrical  copper  wire  of  length  a 
and  radius  p 

Both  theory  and  practice  show  that  tbe  electrical  vibrations 
In  such  a  wire  connected  directly  to  the  eartb  at  Its  lower  estremity 
correspond  very  closely  to  tbe  transverse  vibrations  of  a  heavily 
damped   stretched   string, 

'If  such  a  wire  be  charged  to  a  high  potential  and  be  then 
permitted  to  discharge  to  earth,  the  electrical  oscillations  devel- 
oped in  It,  and  therefore  also  the  electromagnetic  waves  radiated 
by  It  will  not  be  simple  harmonic  in  type  and  will  not  be  persist- 
ent. These  waves  will  not  therefore  correspond  to  the  sound  waves 
given  out  by  a  tunlng-iork,  but  will  be  of  tbe  character  of  those 
given  out  by  a  heavily  damped  violin  string  plucked  at  Its  centre. 

Tbe  fundamental  of  the  waves  given  out  by  such  an  oscillator 
has  a  wave-length  which  very  closely  approximates  four  times 
tbe  length  of  the  wire,  and  this  is  accompanied  by  all  the  odd 
harmonics.  The  oscillations  are  so  much  damped  by  the  energy 
drawn  off  from  the  oscillator  by  radiation  as  to  make  tbe  resulting 
waves  more  nearly  the  equivalent  of  an  impulse  than  of  a  sustained 
or  persistent  train  of  waves. 

It,  however,  the  elevated  conductor  be  not  directly  connected 
to  the  earth,  but  he  connected  to  it  through  an  inductance  coll, 
both  theory  and  practice  show  that  Its  electrical  vibrations  corre- 
spond to  the  transverse  vibrations  of  a  heavily  damped  stretched 
string  with  a  mass  attached  to  Its  centre. 

The  effect  of  the  load  at  the  centre  of  the  stretched  string  and 
of  the  Inductance  at  the  base  of  the  vertical  wire  is  to  increase  the 
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TibraUoDB,  to  mlnimlM  tbe  t 
lower  the  freguencr  of  the 
em  that  In  order  to  cause  the 
[aX9  a  perBlatent  train  of  elmpli 
1  frequenc7,  it  would  be  sulOcl 


ligh  potential  and  permit  It  to  c 
nee  coll  of  aultable  dimensions, 
ie  tbe  plan  adopted  In  the  fln 
;tlve  Bfatem  of  wireless  telegrap 
e  of  waves  of  much  lower  frei 
b7  natural  vibrations  In  tbe  ve 
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rbe  degree  of  peral8t«nc7  of  osclllatloiis  so  obtained,  however. 
It  as  great  as  is  required  In  practice.  Such  peralatencr  as  ts 
□ed  1b  gained  at  the  expense  of  the  amplitude  of  the  current 
latlons  in  the   vertical  and  at  the  expense  of  the  radiating 

r  of  the  oeclllator,  the  latter  being  caeteris  paribut  less  for 
than  for  high  frequencies.  Moreover  the  spark  in  the  vertical 
lator  which  normallf  dissipates  an  undue  amount  of  the  energy 
e  osclllaClona,  has  Its  resistance  enhanced  by  the  reduction  of 
;roplitude  of  the  current  osclUatioDB  due  to  the  presence  of  the 
:tance  coil. 

rhis  latter  difficulty  may  In  a  measure  be  overcome  at  the 
ase  of  any  Increase  of  the  energy  supplied  to  the  oscillator, 
luntlng  the  spark  gap  by  a  condenser  of  large  capacity.  Tlie 
large  of  the  condenser  across  the  spark  gap  increases  the 
•Dt  through  the  spark  and  thereby  reduces  its*  resistance  and 
jlng  effect  upon  the  oscillations.  The  damping  effect  of  the 
itlon  still  remains  and  the  persistency  Is  still  too  much  llm- 
for  practical  purposes. 

;o  far  we  have  considered  only  the  natural  oscUlationt  of  the 
cal  oscillator  which  are  produced  by  charging  the  elevated 
uctor  to  a  high  potential  and  then  permitting  It  to  discharge 
arth.  When,  however,  a  high  degree  of  persistency,  a  pure 
wave  and  a  great  amplitude  of  oscillation  are  desired,  the 
i  gap  is  removed  from  the  vertical  oscillating  circuit  and  a 
lie  harmonic  electromotive  force  Is  Impressed  upon  the  ver- 
OBclllator  In  its  place.  The  resulting  vibrations  In  the  ver- 
osclllfttor  are  then  foieed  simple  harinuniv  vibratiiiiis.  In  order 
they  may  be  of  great  amplitude,  the  frequency  of  the 
'essed  force  Is  made  to  corresjiond  to  the  fundamental  of  the 
leal  oscillator  or  to  one  of  its  harmonics,  In  which  cases  the 
tance  of  the  vertical  oscillator  is  nil. 

A  simple  arrangement  for  producing  forced,  simple  harmon- 
ibrations  in  the  vertical  oscillator  Is  shown  In  Fig.  9  in  which 
i  an  alternating  current  generator,  k  Is  a  key,  P  shows  fhe 
lectlon  to  the  terminals  of  the  primary  of  a  spark  coil,  S  Is  a 
k  gap  between  the  terminals  of  the  secondary  of  the  spark 
C,  ifl  »  condenser,  L,  is  «.i\  inductaiiCR,  I,  ami  I,  are  the 
lary  and  secondary  coils  of  a  high-frequency  transformer,  V 
le  vertical  wire  and  E  is  the  earth. 

There  Is  a  variety  of  ways  In  which  eubstantlally  the  same 
It  may  be  accomplished,  but  there  is  not  space  in  this  pap^ 
on  aider  more  than  one  arrangement. 

IT  the  type  of  elevated  conductor  which  we  are  here  considering 
a  cylindrical  copper  wire  of  length  n  and  radius  p  the  reactance 
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self  it  muBt  be  a  capacity  reactance  for  frequenciea  whicb 
be  reactance  of  the  vertical  wire  an  inductance  reactance. 
e  curve  shown  In  Fig.  10  gives  the  observed  apparent 
y  at  vertical  wlrea  0",08  In  diameter  varying  rrom  40  to 
t  In  length,  when  the  periodicity  ot  the  Impressed  force  la 
10*.  In  other  »ordB  it  jjives  the  observed  aj>|)«rent  oajmcity 
iciil   vires  for   vnluea  the   tingle  of  "-  from    0.307*!    to    J. 790 


values  ol  the  ratio 


4  n 


from  47,520  t 


213.SI 


reactance  Z     of  the  apparatus  through    wbich   the  ver- 
re  la  connected  to  ground    may    most    simply    be    made 


Figure  10. 
)e,  when  this  Is  necessary,  by  the  insertion  of  a  condenser 
a  with   the   coil   la,    but   this   result   inny   be   acconii-lished   in 
Bty  ol  ways  for  the  description  of  which  there  is  not  space 

will  be  seen    that  by    making  Z  +  Z,  =  0.  or  Z„  equal,   but 
le  In  sign  to  the  reactance  of  the  elevated  conductor,  powerful 
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'.  local  oscHlatlng  circuit  C,  I,  L,  S  ol  the  arran semen t 
Fig.  9  were  Isolated,  Its  oscillations  would  be  expressed 


'LS~4L' 


'■v/i-- 


iirrent,  e  is  the  potentiitl  ti>  which  the  cimdenser  C,  is 
at  tbe  time  when  the  spark  occurs  at  S,  L  Is  the  Inductaoi^v 
:lrcult,  R  is  the  resistance  and  S  Is  the  permittance  or 
atic  capacity  ot  tbe  condenser. 

e  utcilUtor  is  nt  all  persiitent    — -j   is  negligible  compared 

,  ami  the  expression  reduces  to 


r   required   to   full    to —  th   ot  their   iiiitinl   amplitude   in 


umber  of  oscilUt 


measure  ot    tbe    persistency    ot    the    circuit    Is    therefore 


*  givi 

an   frequency, 

■■"  ^^" 

,0    th«t    the    jwrsistcnoy 

given 

frequency ,  i> 

1     proporli.Jiinl 

to    ^  ,     where     n     is 

tbe  frequency. 

Isolated  circuit  of  this  type  may  be  made  to  give  extremely 
at  simple  barmonic  oscillations,  but  If  It  be  given  a  large 
mt  of  mutual  induction  with  another  oscillator  ot 
y  I'lW  |)erBiaC«ncy,  such  as  the  vertical  oscillator  VI, E  of 
uigement  shown  In  Pig.  9,  two  things  happen.  In  the  first 
le.  oscillations  of  the  circuit  are  in  general  no  longer  simple 
ic,  but  are  broken  up  Into  two  simple  harmonic  oeciUations 
rent  frequencies,  and  in  the  second  place  the  persistency  la 
reduced. 


«    \ 
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To  overcome  this  difficulty  it  is  necessary  either  to  make  U 
magnetic  leakage  of  the  high  frequency  transformer,  connecticg 
the  local  oscillating  circuit  with  the  vertical  oscillator,  unusual: 
large,  or  else  to  add  to  the  local  oscillating  circuit  an  inductaiH': 

coil    L|  with   sufticienc  iuducbmce   to  swaaip   by  its   effect  the  rei. 
tion  from  the  secondary  circuit. 

When  intense  radiation  is  desired,  it  is  necessary  to  mnk-^ 
the  capacity  8  uf  the  condenser  Ci  in  the  local  oscillating  circi: 
large  compared  to  S'  the  apparent  capacity  of  the  elevated  conduit 
or  per  «f,  for  the  frequency  employed. 


1 1  I 
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Receiver. 

Since  the  electromagnetic  waves  to  be  received  at  a  vire'.tv^ 
telegraph  receiving  station  are  horizontally  polarized  at  the  earths 
surface,  an  electrical  oscillator  whose  axis  is  normal  to  the  earit: 
surface  is  employed  at  the  receiving  station.  This  oscillator  ni 
either  be  connected  to  earth  at  its  lower  extremity  or  it  may  H 
connected  to  a  device  having  reactance  equal  for  all  frequenc'ti 
to  the  reactance  of  the  vertical  oscillator.  It  is  to  be  remembered  i: 
this  regard  that  at  the  receiving  station  we  are  not  concern:- 
with  what  becomes  of  the  energy  which  is  dissipated  by  tbe  r- 
radiation  of  the  energy  from  the  receiving  vertical  oscillator. 

We  shall  consider  again  a  simple  concrete  case,  and  sba. 
assume  the  elevated  conductor  to  be  a  cylindrical  copper  vire  :' 
length  a  and  radius  p  as  in  the  case  of  the  transmitter,  though  t'> 
must  by  no  means  be  assumed  that  the  elevated  conductor  at  t^: 
receiving  station  must  necessarily  be  similar  to  that  at  ttr 
transmitting  station,  or,  in  fact,  that  it  must  bear  any  resei: 
blance  to  that  at  the  transmitting  station  except  in  so  far  as  :i- 
axis  is  preferably  normal  to  the  surface  of  the  earth. 

As  in  the  case  of  the  transmitting  station,   only  one  simple 
arrangement  of  the  apparatus  sufficient  to  give  the  desired  resu  t 
will  here  be  considered.    By  this  arrangement  messages  transm:'. 
ted    by    means    of   persistent   trains    of   simple    harmonic  electro- 
magnetic waves  of  a  predetermined  frequency  may  be  received  i- 
the  exclusion  of  messages  transmitted  by  similar  waves  of  mater 
ially  different  frequencies,  and   without  interference   by  impulsive 
waves.     Such   an    arrangement   of   the   circuits    and   apparatus  i-' 
shown   in   the   diagram    11.     In   this    arrangement    the   receivins 
device  which  is  indicated  at  R  is  placed  in  a  local  circuit  C   i 
L3   R    which  is  made  reasonant  to  the  frequency  of  the  waves  t^ 
which  the  station  is  intended  to  respond,  and  a  second  reasonac^ 
circuit   Ca  Ig  Lg  li     reasonant   to   the   same   frequency  and   called  ^ 
"weeding-out  circuit",   is  interposed  between   the  first  mentions*' 
circuit  and  the  vertical  oscillator. 
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ranch  circuit  cunaistini;  of  the  cuil  I,,  niid  cundenser  C[ 
leii  tiiken  b;  itself,  rensonniit  to  Iht:  Bnme  fre<{iienc]r  ai 
local  circuits,  but  Is  so  proportioned  that  when  coq- 
a  tjranch  circuit,  formliig  a  part  of  tlie  vertical  oacill&tor 
tie  latter  shall  respond  most  energetically  to  persistent 
waves  ol  that  frequency  falling  upon  the  vertical  wire. 
ray  In  which  this  is  accomplisheil  Is  perhaps  more  easily 
graphical  demonstration  than  by  tbe  use  of  the  analytical 
.bough  the  latter  is  by  no  means  difficult, 
urves  Id  Fig.  1  Illustrate  the  point  in  question.  Curve  1 
\  the  reactance  of  tbe  vertical  wire  measured  at  its  point 
ment  to  the  loop  circuit,  for  varying  periodicities  of  the 


I 


1  torce.  It  will  be  seen  that  tbe  periodicity  ot  the 
ntal  of  the  vertical  wire  Is  at  the  point  n  ",  where  tbe 
e  Brat  vanishes.  Tbe  first  even  harmonic  is  at  n  ",  and 
adiclty  o(  Its  Brst  odd  harmonic  la    at    n  ",    where    the 
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ireover  the  Injuctlon  In  regard  to  making  the  mutual  In- 
ce  small  between  OBcIllatore  at  the  transmit  ting  atatloQ 
I  In  the  case  of  tbe  resonant  circuits  at  the  receiving  atailon,  ' 
it  the  mutual  energies  ot  the  related  resonant  circuits  be 
nail  compared  to  their  self  energies,  the  reBOnant  circuits 
lodlfr  one  another's  natural  periods  and  each  circuit  win 
d  to  more  than  one  periodicity, 
uallr  It  may  be  said  the  measure  of  the  aelectlTlty  ot  a 


circuit  !■   proportional    to 


n/^ 


the  same  as  that  found  in  connection  with  the  persistency 
oscillating  circulL     For  a  given  periodicity,  therefore,  the 

ity  ia  proportional  to  — - 

great  Is  the  selectivity  of  resonant  circuits  constructiad  ot 
adensers  and  properly  designed  Inductance  colls  that  there 
lifficulty  Id  adjusting  such  circuits  to  resonance  tor  a  given 
icy  vrith  an  error  of  less  than  one  part  in  3,000. 
le  Importance  ot  the  "weedlng-out  circuit"  In  the  receiving 
.  becomes  apparent  when  we  observe  that  the  selectivity  of 
celving  vertical  oscillator  is  greatly  diminished  by  the  dis- 
n  ot  energy,  which  results  from  the  re-radlatlon  ot  energy 
it  oecillator  and  that  the  selectivity  ol  the  resonant  circuit 
aing  the  receiver  may  be  greatly  diminished  by  the  energy 
ed  by  the  receiver  and  utilized  in  Its  operation. 


BUSINESS  MEETING. 
A  business  meeting  lor  the  opening  of  ballots  tor  Uie  elect 
members  was  held  on  Thursday,  March  ,16th,  1905,  Mr.  Phi 
iDBon  In  the  chair,  Messrs.  W.  J.  Sproule,  a.  a.  Bowman, 
grand,  J.  A.  Jamieaon  and  J.  W.  Heckman,  being  appoli 
-utlneers,  declared  the  loliowlng  elected: — 


Uembebs. 


.  B.  Cochrane. 
H.  Dl-post. 

I.    S.    FltASEB. 


J-  E.  BIabduak. 
J.  L.  Habbinoton. 
F.  T.  Peacock. 


Associate  Mehberb. 

D.  W.  BuBPEE.  A.  T.  Fbaser. 
L.  M.  Cairnie.  a.  J.  Oatfeb. 

E.  C.  H.  DowsoN.  R.  A.  Harry. 

J.    P.    Leclaibe. 


tANgFERRED     1 


■   Studest   to  Class   i 


H.  B.  Cbaig. 

H.    M.    DiBBLEE. 

G.  B.  HuenEs. 


J,  H.  Jackson. 

Y.    D.    KlRTON. 

R.  H.  SttfiBE. 


F.  W.  Andebsos. 
W.  P.  Bell. 
W.  G.  B.  Brown. 
A.  Burnett. 
P.  Davis. 
J.  O.  Dickinson. 
F.  G.  Dunning. 
S.  E.  Farlev. 
H.  K  Forbes. 
P.  R.  Gbanbaull. 
A.  M.  Hamilton. 
A.  E.  Hepburn, 
L.  B.  Kingston. 

H.    A.    LUMSDEN. 

O.  B.  HcCuAio. 

C    H.    MoDOUGALL. 

■G.  McDonald. 


E.  B.  Clawsok. 
L.  H.  CoLB. 
G.  E,  Cole. 
R.  P.  Cowan. 
A.  McMeesin. 
T.  C.  Mafon. 

E.  N.  Martin. 

J.  H.  H.  NicoLLS. 
\V    R.  Motley. 
J.  F.  W.  Owen. 
N.  F.  Pedlet. 
J.  G.  Reid. 
H.  E.  Scott. 

J.    W.    SiMARD. 

0.  M.  Stitt. 

R.  A,   Weaqant. 

F.  G.  Wick  WARE. 
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being  only  tbe  Tolatlle  matter  that  1b  converted  Into  gas,  the 
led  carbon  remaining  in  the  retorts  in  the  torm  o(  coke. 

Tbe  coal  ia  placed  (in  charges  from  two  to  lour  hundred- 
eight)  In  lire  clay  retorts,  hermetically  sealed,  which  have  been 
»ted  to  th«  necessary  temperature  (or  gas  maklns  (trom  l.SOO  to 
m  degrees).  Tlie  coal  is  subjected  to  this  heat  for  a  period  of 
re  or  six  hours,  by  which  time  It  will  have  given  oR  all  the  gas 
is  capable  ot  evolving. 

The  gas,  on  leaving  tbe  retorts,  paasea  through  a  pipe  leading 
the  hydraulic  madn,  where  a  portlQU  of  the  tarry  matter  Is  de- 
leited.  and  the  temperature  reduced  to  about  140  or  150  degrees. 
From  the  hydraulic  main  It  Is  drawn  off' Into  a  surface  con- 
'hser,  where  tbe  gas  becomes  cooled  to  normal  temperature,  about 
degrees,  and  deposits  the  tar  and  aqueous  vapor  previously  held 
suEpension. 

From  the  condeneer  the  gas  passes  to  the  exhauster,  tbe  func- 
:□  of  which  ts  to  remove  tbe  gas  from  the  heated  retorts  as  fast 
it  lE  produced,  and  at  the  same  time  force  It  on  with  sufficient 
rce  to  paee  it  through  tbe  various  materials  used  In  Ite  purlflca- 

From  tbe  exhauster  the  gas  enters  the  apparatus  Intended  Tor 
c  abstraction  of  tbe  ammonia,  consisting  usually  of  a  scrubber, 
washer,  or  both.  Tbe  function  of  these  devices  Is  to  remove  all 
le  ammonia  and  some  of  the  carbonic  acid  and  sulphuretted 
pdrogen  in  the  gas. 

From  the  scrubbers  tbe  gaa  passes  to  the  purifiers,  where  the 
mainlog  impurities — carbonic  acid  and  sulphuretted  hydrogen — 
e  abstracted  by  means  of  lime  and  oxide  ot  Iron.  Under  this 
'ocess  the  following  are  the  approximate  results  obtained  from  a 
D  o(  Newcastle  coal,  according  to  an  authority  on  tbe  subject:— 

Gas  <10.000  feet) 380  lbs. 

Tar  (10  gals.) 115    " 

Ammonlacal  liquor 177    " 

Coke  (absolute) 1,668    " 

.      3,240     '• 

Water  Gas. — About  1784,  Cavendish  discovered  that  hydrogen, 
hlch  had  been  previously  known  as  "Inflammable  Air,"  was  one 
(tbe  component  parts  of  water,  but  no  practical  use  was  made  of 
le  discovery  until  1824,  when  J.  H.  Ibbetsou  took  out  a  patent 
)r  a  special  method  of  making  Illuminating  gaE,  by  passing  steam 
hrough  a  mass  of  incmdescent  carbon;  and  even  then  no  apparatus 
as  designed  that  could  be  considered  a  commercial  success,  until 
bout  40  yesra  after.  Among  the  water  gas  processes  in  use  to-day, 
11 
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large  proportloa  of  tbeir  heat  for  tbe  production  of  steam    to    be 
used  under  generators  for  decompoeitlon. 

The  great  advantage  of  the  double  generators  Is  that  as  all 
the  gas  la  made  to  poae  through  the  Are,  the  tarrr  matter  tram 
the  coal  Is  converted  into  fixed  gases  that  can  be  conducted  anj 
distance  through  ordtnair  pipes,  and  at  any  temperature  or  pres- 

In  operation,  a  plant,  such  as  I  have  described,  will  produce 
about  three  volumes  of  producer  gas  to  one  of  water  gas.  The  pro- 
duction per  ton  of  bituminous  coal  Is  about  35,000  to  45,000  cubic 
feet  of  water  gas,  and  100,000  to  150,000  cubic  feet  of  producer  gas. 

This  ayatem  is,  however,  more  eepeclally  adapted  to  large 
power  plants,  and,  except  under  special  conditions,  la  ot  greater 
capacity  than  Is  required  for  small  units. 

Semi-Water  Go*,— In  order  to  produce  a  cheap  apparatus  lor 
small  plants,  extensive  experiments  have  been  made,  resulting  In 
what  Is  known  as  the  semi-water  gas  producer.  Since  then  a  large 
□umber  of  different  makes  have  been  placed  on  the  market.  In 
sizes  from  S  horse  power  and  upwards.  This  is  an  evolution  of  the 
water  gas  apparatus,  I.e.,  In  the  water  gas  plant,  steam  and  air 
are  supplied  alternately,  whereas  In  the  semi-water  plant,  the 
steam  and  air  are  supplied  at  the  same  time,  and  the  amount  of 
steam  so  reduced  In  volume  as  not  to  interfere  with  the  tempera- 
ture of  the  fuel  (usually  about  one  pound  of  steam  per  pound  of 
fuel  consumed).  The  general  form  of  apparatus  comprises  the  fol- 
lowing principle  parts,  viz.:— 

1. — The  producer,  or  generator. 
2.~The  aaturator. 
3.'— The  hydraulic  box. 
4. — The  coke  scrubber. 

Prodiuer.—The  producer  Is  a  cylindrical  steel  shell  lined  with 
firebrick  and  fitted  with  a  revolving  grate.  There  la  an  annular 
space  between  the  brickwork  and  the  outer  shell,  through  which 
the  air  for  the  combustion  of  the  fuel  passes  from  the  saturator  to 
the  bottom  of  the  producer.  A  central  collecting  bell  Is  suspended 
from  the  top  and  keeps  the  fuel  at  a  uniform  level.  One  or  two 
charging  hoppers  are  provided,  either  In  the  centre  or  one  on  each 
Bide  of  the  bell.  The  bottom  of  the  producer  Is  closed  by  a  water 
seal,  which  permits  ot  cleaning  and  removal  ot  ashes  without  In- 
terruplng  the  continuous  operation  of  the  plant.  The  air  and 
steam.  In  passing  upward  through  the  Incandescent  fuel  cc»mbinea 
with  the  carbon  In  the  formation  of  gas. 

Saturator, — The  saturator  Is  a  water  Jacketed  pipe  or  vessel  In 
which  water  Is  maintained  at  a  constant  level.      The    gas,    as    it 
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The  tbird  Is  eeini-vater  gas,  coatainiiig  about  150  h;at  udIU  per 
ic  foot. 

And  the  lowest  In  calorlBc  value  ia  the  producer  gas,  contain- 
about  110  heat  units  per  cubic  foot.  This  latter  la  due  to  the 
:  that  the  gas  is  obtained  by  a  combination  of  oxygen  and  car- 
.,  but  to  get  the  required  volume  of  oxygen,  we  have  to  intro- 
e  tour  times  the  volume  of  nitrogen  (as  air  Is  composed  ot  one- 
1  oxygen  and  four-fllths  nitrogen)  thereby  producing  a  very 
tk  or  lean  gas,  as  nitrogen  has  no  value  In  hsit  energy. 
The  principle  upon  which  the  producer  operates  Is,  that  limlt- 
tbe  amount  ot  air  or  oxygen  admitted  to  the  fuel  to  one  half 
at  would  be  required  tor  complete  combustion,  or  1.33  poun-ds 
pound  ot  carbon,  carbonic  oxide  gas  Is  formed  instead  of  car- 
ilc  acid  gas  (the  latter  being  a  product  of  complete  combustion). 
the  steam  passing  through  the  incandescent  bed  of  fuel  U  dls- 
egrated,  the  oxygen  combining  with  the  carbon  and  the  bydro- 
1  remaining  In  the  gas,  very  much  improves  Its  quality;  owlns 
Its  high  heat  value  and  the  quantity  ot  air  necessary  being  le- 
;ed  and  to  the  oxygen  obtained  from  the  disintegration  ol  the 
am,  the  nitrogen  is  reduced  In  like  ratio. 

In  semi-water  gas  the  heat  value  la  increased  to  about  150 
'.U.  per  cubic  toot,  and  In  straight  water  gas  about  300  B.T.U. 
cubic  foot. 

Illuminating  gas,  owing  to  Its  being  made  in  alr-tlght  retorts, 
almost  entirely  free  from  nitrogen. 
The  following  table  gives  an  approximate    percentage    ot    the 
nclpal  constituents  of  the  four  difterent  kinds  of  gas; — 

lllumi-  Sfmi-        Pro- 

na.inK-     Water.     Waier      du.-er. 

Carbonic  oxide B.7  42  25  23 

Hydrogen 46.5  48  19  2 

Carbonic  acid 3.1  6  6  3.6 

Nitrogen 3.7  5  49  63.5 

Marsh  Gaa 35.7  7.4 

Heat  units,  approx.    ....        '  tiOO  300         150         110 

Relative  power  developed  with  various  qualities  of  gas  la 
own  in  diagram,  Fig.  4,  in  which  semi-water  gas  at  150  B.T.U  is 
len  as  standard. 

producer  gas  of 110    B.T.n,  =.  go  H.P. 

Semi-water  gas  of    . .    ..     150        "        ^=100  H.P. 

Water  gas  ot 300        "        =112  H.P. 

Coal  gas  o( 600        "        =117  H.P. 

REf.ATIVE   CO.ST   OF   POWEB. 

In  making  a  comparison  of  the  co^t^i  ot  the  various  motive 
wers,  to  simplify  the  matter  we  will  consider    the    question    ot 


Motive  Potvej 

1.000  cubic  lee 
[ftsoline  In  a 
our.    ThiB  at : 

20  cenu  =  | 

aa»  Engine.—, 
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uld  figure  out 
M2  (days  per 
im  per  B.H.P- 
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tlila  figures  ( 

1S,720  Iba.  9 
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ir;   this  will  Hi 

,  15.00  per    to 

-The  author  h 
power  plant  o 
the  coneumpti 
as  (oUowa:  — 
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ts  of  BOO  H.P 
on  .SO  lb.    of 
follows: — 

iiminoua  coal  ( 
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From  the  toregoInK  [t  will  be  seen  chat  tbt 
suitable  gaa  producer  will  generate  power  at  i 
than  any  other  source  of  power,  although  It  is  i 
few  years  that  it  has  been  brought  to  Its  prea 
Increased  sizes  and  higher  compressions  an 
features  in  Its  recent  development  These  cbai 
tated  material  modiflcationB  of  design. 

Siralns,  due  to  increased  heat,  and  higher 
operation  of  the  large  vBlres  and  the  older 
slbllity.  thererore,  new  devices  were  necessary 

Figures  6,  letters  A.,  B.  and  C.  show  the  c] 
engines  as  now  made  by  Crossley  Bros,,  showii 
the  mode  of  constructing  the  main  casting,  wal 
valve  and  cylinders.  From  these  it  will  be  sei 
valve  box  is  now  a  separate  casting,  thus  reir 
main  causes  of  fractured  breech  ends,  which  w 
causes  of  trouble  with  large  engines.  There  Is 
the  hot  working  fluids  which  has  not  got  wate 
with  the  exception  of  the  head  of  the  Inlet  val 
cool  by  the  admission  of  each  fresh  charge.  Tl; 
factory  melhod  of  preventing  pre-lgnltlon,  whl 
liable  to  occur  with  gases  of  high  calorific  vi 
large  percentage  ot  hydrogen,  such  as  lllumlna 


r  gas. 


"The  use  of  large  engines  (or  driving  dlreci 
for  various  purposes  is  rapidly  coming  Into  p 
continent  and  in  the  United  States.  In  some  e 
special  purposes,  large  engines  are  running  nig 
'  full  output;  this,  of  course,  means  a  most  sever 
ot  the  engine:  a  year's  run  on  such  duty  beln 
three  years'  ordinary  work,  and  in  one  case  ai 
ran  seven  months  continuously  without  being 
are  a  number  ot  Instances  ot  large  engines  ru 
total  hovirs  ot  the  year,  tlie  S%  Including  sto 
causes,  eH(>er  affecting  the  engine  or  the  el 
combination." 

"The  requirements  ot  the  electricians  Tor  b 
and  accuraie  governing,  have  now  got  tar  beyi 
pated  some  years  ago." 

For  great  accuracy  In  the  governing  of  la; 
"Otto."  or  tour  Etroke  type.  It  is  desirable  to  i 
any  siiitable  combination,  and  an  Impulse  aut 
by  the  governor;  such  an  engine,  it  properly  e 
almost   perfect   regulation.     In   two   engines   tes 
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DISCUSSION. 

ibcroft    asked  as  to  the  relative  cost  of  steam  and   gas  ^, 
stallation.    It  appeared  to  him  that  Mr  Laurie  compared 
3t  gas  in  one    caE«  -with  the    cost  of  the    engine  In  the 

aurle  replied  that  In  the  case  of  the  ordinary  steam  plant,  mi 

igine  would  figure  30  to  35%  higher,  but  If  the  latest  Im- 
ts  were  adopted  for  a  steam  plant,  the  cost  would  be  about 
It  was  very  difficult  to  make  close  comparisons,  as  con- 
ere  so  varied. 

lenry  Goldmark  asked  what  disposition  had  been  made  of„, 
cer  gas  In  this  comparison  with  water  gas. 
■aurle  replied  that  the  water  gas  was  taken  In  the  abstract,  xi 
ucer  gas  would  not  flgure  out  more  than  100  to  110.  Some- 

in  thla  case,  the  two  were  mixed  In  one  gasometer. 
L.  J.  Durl''y  said  that  at  the  end  ot  the  paper  tbe  author  re-  hj 

the  method  of  Ignition  used  In  modern  gas  engines,  and 

on  the  whole,  bot  tube  Ignition  had  beea  found  to  be  the 
stactory.  That  was  not  altogether  In  accordance  with  his 
:e,  and  be  wished  to  ask  Mr.  Laurie  whether  It  was  not  a 

In  many  large  engines  which  were  being  built  at  the  pre- 
:,  electric  ignition  bad  been  found  very  satisfactory.  His 
;e,  so  far  as  It  went,  had  been  that  electric  Ignition  was 
isfactory  from  one  point  of  view,  Inasmuch  as  weak  mix- 
ild  be  ignited  very  readily.    There  was  likely  to  be  trouble 

tube  ignition  when  weak  mixtures  were  encountered.  Tbe 
icb  Mr.  Laurie  had  given  were  fuel  costs  only,  and  would 
^me  modification,  taking  into  account  labor,  etc.,  and  all 
r  charges  wblcb  had  to  be  met.  Me  also  wished  to  ask 
these  figures  were  not  Cor  test  runs.  He  would  like  to  empba- 

difference  between  figures  which  could  be  obtained  for  a 
ant  or  a  gas  engine,  tor  a  run  ot  a  week  or  ten  days,  and 
'cs  for  permanent  running.  He  did  not  want  to  minimize 
oray  of  gas  engines,  but  be  did  not  think  it  was  quite  so 

Would  appear  from  tbe  figures  which  were  based  on  short 
IS  gas  engines  bad  one  considerable  advantage.  In  the  case  of 
standing  ready  for  use,  tbe  stand-by  loffies  were  not  nearly 

as  Id  tbe  case  of  the  steam  plant.  Another  advantage 
^^  gas  plant  undoubtedly  had  over  tbe  steam  plant,  unless 
^r  was  fltted  with  all  the  latest  type  of  equipment,  was  that 
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like  the  one  outlined  here,  by  wbicb  water  gases  would  bexruoidi 
ied  tor  tbe  furnaces,  and  at  tbe  same  time  there  would  be  set 
I  considerable  quantity  of  producer  gases  wblcta  would  not  be 
in  tbe  furnaces,  but  wblcb  could  be  used  in  gas  engines.  Tbe 
nation  of  gas  engines  as  an  auxiliary  to  the  steam  engines,  to 
care  of  tbe  peaks,  was  tberetore  consM.iifod,  Mr.  McHenry,  at 
time  chief  engineer,  was  very  much  intereHted,  and  went 
Lhe  matter  very  tboroughly.  It  was  ultimately  decided  not 
opt  gas,   as    the    first    cost    of  apparatus  proved  to  be  very 

and  it  was  seen  that  under  tbe  coadltlons  It  would  be 
more  economical  to  take  the  gas  and  burn  It 
-  the  boilers  tlian  to  install  gas  engines.  Ot  course  It  was 
^ed  that  tbe  gas  would  be  much  more  efficient  in  tbe  engines 
under  tbe  boilers,  but  cost  considered,  it  was  very  much  bet- 
a  use  tbe  gas  under  tbe  boilers.  Tbe  total  coat  of  tbe  ptaat 
i,  however,  have  been  very  great— In  fact,  over  jau0,OO0 — simply 
'ovide  gas  for  tbe  blacksmith  purposes,  so  that     oil    furnaces 

ultimately  adopted,  which,  according  to  Mr  Toltz,  gave  better 
ts.  taking  everything  Into  consideration. 

r.  iB.  G.  M.  Cape  remarked  that  the  figures  which  Mr,  Laurie  had  Kr.  Cape. 
1  of  the  comparatlre  costs  per  b.p.  per  annum,  were  very  In- 
iting,  but  perhaps  discriminated  somewhat  in  favor  of  gas 
ts.  In  his  item  for  steam  power,  Mr.  Laurie  had  taken  an 
age  coal  consumption  of  6  lbs  per  b.p.  per  hour.  With  an  • 
oration  of  8  lbs.  ot  water  per  lb.  of  coal,  tbls  would  be  the 
3  thing  as  requiring  48  lbs.  ot  steam  per  h.p.  per  hour.  Ot 
se  in  a  steam  power  plant  of  any  size,  a  much  better  reault  than 
would  I>e  expected.  With  compound  engines  worked  under  200 
pressume  and  16  degrees  super-heat,  and  a  vacuum  of  2S".  it 
poeslble  to  develop  one  horse  power  per  hour,  with,  fay  14  lbs. 

A.  great  thing  to  be  said  In  favor  of  steam  power  in  a  country 
Canada  was  that  large  quantities  of  steam  were  required  In  the 
nary  plant  for  beating  purposes,  and  this  steam,  which  had  to 
produced  for  seven  months  of  the  year,  no  matter  what  the 
er  requirements  might  be.  could  be  used  In  tbe  steam  engines  be- 
'  t>elng  put  Into  the  beating  system:  in  this  way  tbe  steam  was 
1  twice.  Thus  either  heat  costs  nothing,  or  power  costs  nothing 
Ing  the  winter  months. 

In  heating  factories  or  shops.  It  was  oft>>n  found  that  the  steam 
airements  for  power  very  nearly  balanced  with  the  requirements 
heating.  This  was  the  case  In  a  plant  which  we  had  In  mind, 
fre  turbines  are  used  to  supply  the  power.  The  guaranteed  con- 
iptlon  per  K.W.  hour  ot  these  machines  was  43. S  lbs,  of  steam 
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lea  tn  the  central  atatlons  at  WalthamBtow,  Redditch,  North- Mr.  Dojia. 
,  Guernsey  and  Hebden  Bridge,  that  gas  engines  could  now  be 
d  upon  to  give  reeulte  under  all  working  conditions,  equal.  If 
iuperlor  to,  the  results  obtained  from  the  best  of  steam  engines, 
9t  in  economy  they  left  the  ateain  driven  stations  far  behind. 
He  quite  agreed  with  Profeasor  Durley  that  in  discussing  the 
ive  ecoDomles  of  gas  and  steam  engines,  test  or  trial  runs  ex- 
Ing  over  a  short  period  only  should  be  Ignored.  The  figures 
lag  to  the  works  cost  to  produce  power  at  the  Qnemsey  Elec- 
ty  Corporation's  steam  drWen  central  station,  end  also  the 
I  at  their  gas  driven  station,  where  they  have  In  operation  two 
pbell  gas  engines,  each  of  300  B.H.P.,  showed  a  difference  In 
r  of  gas  engines  in  some  cases  of  over  one  cent  per  unit  gener- 
These  figures  included  fuel,  wages,  water,  stores,  repairs,  etc , 
were  very  complete,  covering  a  period  of  sii  months  of  actual 
ling. 

Another  Campbell  engine,  of  60  fi.H.P.,  operating  pumps  at  the 
T works,' Combe- Down,  Bath,  and  carrying  an  overload  almost 
he  time.  was.  according  to  Mr.  Owen  Bayldon,  the  engineer  In 
ge,  running  on  an  average  130  hours  per  week,  with  a  coal  con- 
ptlon  of  only  34  owt  The  steam  plant  which  preceded  the  gas 
nee  used  from  11  to  13  tons  to  do  the  same  work. 
With  regard  to  the  question  of  Ignition,  he  could  hardly  agree 
I  Mr.  Laurie  that  the  hot  tube  was  the  best  system.  It  was  a 
I  system  where  rich  coal  gas  was  available,  but  even  then,  If  the 
iming  of  the  engine  affected  at  all  the  quality  ot  the  mixture, 
hot  tube  was  scarcely  reliable.  Personally,  If  he  were  putting 
Dglnes.  say  for  driving  alternators  In  parallel,  or  for  any  pur- 
I  where  mlssflres  were  likely  to  prove  a  serious  let  down,,  he 
Id  be  Inclined  to  duplicate  the  Igniting  apparatus;  In  the  case  oF 
ig  coal  gas  by  putting  both  hot  tube  and  electric  Ignition,  and 
ire  producer  gas  was  used,  by  a  double  system  of  electric  Igni- 

Wlth  regard  to  the  heating  question  which  had  been  raised  In 
Dectlon  with  the  application  of  gas  engines  in  this  country,  he 
ught  the  seriousness  ot  the  heating  problem  was  often  over-esti- 
■ed.  and  at  all  events  the  manufacturer  who  put  in  gas  power  was 
rcely  worse  off  than  the  manufacturer  who  bought  electric  power 
n  a  power  corporation,  and  for  central  station  work  sufficient 
t  could  easily  be  obtained  from  the  exhaust  gases  to  keep  the 
iest  of  stations  up  to  the  required  temperature, 

Another  feature  of  the  application  of  gas  power  had  been  almost 
Irely  overlooked,  although  It  was  of  no  mean  Importance,  namely 

estlre  absence  of  smoke  where  gas  power  was  used. 


OKNERAL  SEKrriON. 

At  the  meeting  ot  the  section  held  on  Thursday.  April  20th, 
,  Mr.  Duncan  MaoPherson  In  the  chair,  the  foUowlnK  papers 
!  read: — 


THE    CONSTRUCTION    OF    A    TIMBER    DRY    DOCK. 
B;  G.  B.  AsHcsoFT,  A.  M.  Can.  Soc.  C.  E. 

IHTBODUCTIOM. 

Among  the  pages  ot  the  Engineering  News  for  Nov.  28th,  1901, 
e  appeared  the  following  brief  note: — "The  William  Skinner 
•Building  &  Dry  Dock  Co.,  ot  Baltimore,  Md.,  formally  opened 
second  largest  dry-^ock  in  this  country  on  Nov.  25.  The  dock 
iilit  of  timber  carried  on  pile  work  and  the  entrance  Is  granite 
anry  baclted  by  concrete.  The  steel  caisson -gate  gives  an 
ling  SO  tt.  wide  at  the  top  with  22^  ft.  ot  water  over  the 
The  general  dimensions  of  the  dock  are  as  follows:  Length 
all  62S  ft.,  length  on  keel  blocks,  600  ft.,  width  of  entrance  at 
bottom,  60  ft,  at  top,  SO  ft.,  width  of  dock  on  the  floor,  62  tt., 
b  at  coping,  125  ft,  depth  of  water  over  sill  at  low  water, 
■ft." 

The  same  Journal  In  lt«  Issue  of  Jan.  9th,  1901  devoted  one 
!  to  a  more  extended  notice  of  this  work. 

In  the  present  paper  it  is  proposed  to  give  a  more  detailed 
lunt  ot  this  dock  as  It  actually  is;  the  methods  of  construction 
loyed;  the  contract  prices,  quantities  of  material  and  cost 
.;  a  comparison  of  this  with  the  other  large  docks  to  be  found 
g  the  eastern  coast  ot  North  America;  and  In  conclusion,  to 
ff  what  three  years  of  operation  baa  done  to  verify  the  Judg- 
t  of  the  designers  and  builders  in  their  solution  of  the  various 
Ineerlng  problems  which  were  presented  to  them. 

'  GBNKRAL      DESCBtPTION. 
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Dbtaiud     Descbiptios. 
Foundations. 

The  nature  of  the  soil  upon  wblch  the  dock  was  built  varied 
lalderablr,  as  shown  &]>  the  materials  encountered  during 
ostructlon.  In  excavating  one  of  the  bulkheads,  after  the  river 
id  bad  been  removed,  there  followed  b  layer  of  yellow  clay  some 
or  10  Inches  In  thickness;  a  few  Inches  of  vegetable  matter 
«mbllDg  peat;  a  stratum  4  feet  thick,  composed  of  coarse 
irtzlte  pebbles  and  fine  red  sand  merging  into  densely  compacted 
erg  of  pure  sand;  and  beneath  all  extending  to  some  undeter- 
aed  depth,  a  pure  white  clay.  Before  water  had  reached  It, 
a  clay  was  exceedingly  hard,  would  take  on  some  polish  when 
ibed,  and  was  sometlmea  used  by  the  carpenters  to  chalk  lines. 
.er  standing  some  time  la  contact  With  water  It  became  softer, 
embllng  somewhat  the  texture  of  castlle  soap. 

The  concrete  work  about  the  dock  entrance  was  in  all  casea 
ced  directly  upon  this  clay.  It  Is  doubtful  If  any  of  the  piles 
sheet  piles  ever  penetrated  this  material  to  any  extent.  In 
t  those  of  the  temporary  wor,k  which  were  afterward  pulled, 
wared  as  If  they  bad  landed  upon  a  rock,  and  the  whiteness  of 
ilr  points  was  evidence  enough  as  to  what  they  had  landed 
in.    No  actual  rock  was  however,  encountered  at  any  point. 

Protection    Work. 

The  safety  and  efflciency  of  a  timber  dry  dock  depends  In  a 
ge   measure  upon  the  posBlblllty  ol  keeping  water  away  from 

piles  and  foundations.  In  the  work  under  consideration  this 
s  a  very  Important  matter,  for  as  has  been  mentioned  above, 
T  200  feet  of  the  structure  was  situated  in  the  waters  of  the 
■bor. 

It  was  proposed  to  surround  the  entire  dock,  (excepting  of 
irse  the  entrance  way)  with  a  single  tine  of  sheet  piling. 
ikroenclng  back  some  65  feet  from  the  shore  line  and  extending 
ward  to  the  limits  of  the  dock,  this  line  was  to  be  doubled,  the 
>  lines  being  spaced  16  ft.,  apart.  Round  piles  of  yellow  pine 
re  driven  every  ten  (t.  upon  the  outer  sides  of  these  were  drlft- 
ted  two  parallel  lines  of  12  by  12  Inch  Southern  pine  waling 
Ips.  One  strip  being  placed  at  the  level  of  the  bulkhead  top, 
1  the  other  below  low  water  line.  The  lower  waling  strip  was 
Itted  from  the  sheet  piling  within  the  shore  lines. 

Timber  braces,  12  by  12  inch  Southern  pine  were  placed  across 
B  bulkhead  at  every  pair  of  the  gruide  piles  and  a  1%  inch  Iron 
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The  material  apeclBed  was  medium,  open  hearth,  acid  steel, 
jstlng  from  54  to  62,00D  pounds  in  tension,  per  sq.  In.,  and 
villaining  not  more  than  .08%  of  phosphorus  and  not  more  than 

47e  Of  BUlphur. 

A  4"  by  12"  oak  strip  is  fastened  along  each  face  of  the  Icee], 
em  and  stem  posts,  to  which  is  attached  a  10"  by  W  gum  gasket. 

carries  a  permanent  ballast  of  concrete. 

For  filling  the  dock,  It  U  provided  with  six  36"  valves,  and  for 
ater  ballast,  four  6"  valves  and  one  8"  centrifugal  pump  with 
earn  engine.  Steam  la  supplied  from  the  boilera  In  the  main 
iwer  house. 

The  gate  draws  13'-S"  of  water  when  carrying  only  permanent 
Jlaat,  and  at  such  times  its  dlapiacement  is  212  tons.  It  was 
lilt  under  special  contract,  by   the  Sped-den   Ship  Building  Co., 

Baltimore. 

Main  Body  of  the  Dock. 
The  bottom  of  the  dock  is  supported  by  13  longitudinal  rows 

20  ft,  piles.  The  five  center  rows  are  spaced  4  ft.  c.  to  c.  longl- 
dlnally  and  3  ft,  c.  to  c.  tran aversely.  Upon  these  comes  more 
rectly  the  weight  upon  the  keel  blocks.  The  other  8  rows  are 
aced  8  ft.,  c.  to  c.  longitudinally  and  transversely  as  shown  on 
e  "Half  Midship  Section"  on  the  drawings.  The  sides  of  the 
ck  are  supported  by  rows  of  25,  30,  35  and  40  ft.,  piles,  spaced 
Uid  8  ft.,  on  centers.  The  piles  are  capped  by  12"  by  12"  yellow 
le  timbers,  secured  to  each  pile  with  1"  by  20"  drift  bolts.  The 
iln  cross  timbers  are  spaced  8  tt..  c.  to  c.  They  consist  of  Oregon 
louglas)  Fir,  16"  by  18"  by  70'  In  length.     Midway  _between  eaeii 

these  on  the  center  line  of  the  dock.  Is  a  similar  piece,  14  ft., 

length.  They  are  secured  to  the  pile  capping  with  1"  by  30" 
Itt  bolts.  Along  the  sides  of  the  cross  timbers  are  spiked  i"  by 
'  floor  Joists,  and  from  the  ends  of  the  14  ft.  cross  timbers,  6" 
■  10"  Qoor  Jolsla  extend  to  the  foot  of  the  side  slopes.  Upon 
ese  Is  spiked  a  flooring  of  4"  white  oak  plank.    The  first  SO  feet 

dock  Qoor  adjacent  to  the  entrance  and  the  last  40  next  the 
ad,  is  on  a  level  with  the  tops  of  the  cross  tlml>er3.  The  balance 
V  below  the  level  at  the  center  line  and  slopes  uniformly  toward 
e  aides,  on  a  grade  of  3"  In  30  ft.  The  Boor  rises  toward  the 
lad  of  the  dock  on  a  grade  of  €"  per  hundred  feet.  The  slope 
nbera  are  spaced  4  ft,  e.  to  c,  being  alternately  12"  by  14"  and 

by  14"  yellow  pine,  timber.  They  are  framed  into  the  cross 
mbera  at  the  bottom  of  the  slopes,  and  secured  to  the  slope  pile 
.pplng  by  Ti"  machine  bolts.  The  yellow  pine  altars  were  cut 
om  a  timber  10"  by  I4",  so  tliat  when  placed  In  position  they 
ould  have  a  rlae  and  tread  of  ten  inches. 


hil: 


E  IKJTK    BOTTOl 


SHEWING     TBE     BIDE     I 
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centre  1h  a  6  toot  square  pier  to  whicb  run  12  Incb  I-beams 
u  the  tide  walls,  as  a  support  to  the  concrete  roof  and  the 
ihlaery.  Into  this  well  extend  the  suction  plpee  from  the 
rlfussl  pumps. 

Mechanical  Equipment. 
FV>r  the  emptying  of  the  dock  there  are  provided  three  36 
I,  douhl«  suction,  centrifugal  pumps,  directly  connected  to 
die,  yerttcal,  uoa-condenslng  engines.  To  take  care  of  the 
age  during  use,  an  additional  centrifugal  pump,  with  12  Inch 
barge,  is  connected  to  a  small  vertical  simple  engine.  This 
hlnery  is  located  In  a  "pit"  formed  In  the  concrete  which 
CB  up  the  south  abutment  The  Boor  of  this  pU  Is  22  feet 
iw  the  level  of  the  top  of  the  dock,  or  IG  feet  6  inches  below 
a  low  water  line.  From  each  ol  the  large  pumps,  two  2S  Inch 
ion  pipes  pBBB  vertically  downward  through  the  10  feet  S 
les  of  concrete  into  tbe  pump  well  below.  There  Is  one  42 
,  horizontal  discbarge  pipe  for  each  pump. 
Steam  Is  supplied  from  the  boiler  bouse  at  12G  lbs  pressure. 
ee  350  H.I*.  Heine  Safety  Water  Tube  boilers,  an  auxiliary 
ical  boiler,  two  fire  pumps,  and  fan  and  engine  for  forcing 
draft,  complete  the  equipment  of  the  boiler  house. 
On  actual  test  after  completion,  tbe  average  efficiency  of  each 
n  pump  was  38,250  gallons  per  minute.  The  Indicated  horse- 
er  of  the  engines  varied  from  ISE  at  starting  to  about  300  at 
finish,  giving  an  average  efficiency  for  the  pumps  ot  68%.  The 
[imum  efficiency  noted  at  any  time  during  the  test  was  72^%. 
ae  pumps  and  engines  were  built  and  Installed  by  the  Morris 
■hine  Works  of  BaldwlnsvlUe,  N.T. 

CONSTBUCTIOS. 

Qeneral  Scheme. 
Broadly  speaking  the  proposed  plan  of  operation  was  as 
Dwa:  After  clearing  off  the  existing  structures  and  old  wharves, 
Iredge  away  tbe  material  to  tbe  approximate^  lines  of  the  dock 
torn  and  side  slopes;  to  drive  the  permanent  protection  work 
ile  this  dredging  was  In  progress;  to  drive  the  temporary 
'erdam  across  the  ends  of  the  bulkheads,  immediately  tbe 
dging  was  completed;  to  pump  out  tbe  water  and  mud  trom  the 
in  thus  enclosed;  to  drive  a  line  of  20'  permanent  sheet  piles 
ng  tbe  outer  and  Inner  face  of  tbe  aprons;  to  further  excavate 
hta  this  box  to  the  white  clay  stratum  and  upon  It  start  the 
icrete  foundations  for  the  masonry;  to  build  tbe  masonry 
itments,  pump  well,  engine  pit,  powerhouse  and  main  body  of 
i  dock. 


SBEVtmo    TBI   BOX    rBOJECTION   IN    TBE   BEAD  C 


V  TBB  DOCK  LOOKING   FBOU  THE  COFFERDAU. 


Ashcroft  on  Construction  of  a  Timber  Dry  Dock        211 

ratinE  what  material  wa«  lel't  about  the  loot  ot  the  cofferdam 

moving  into  the  dock. 
Pumping   was  again  started   and   continued   until   tlie   bottom 
le  basin  was  laid  bare.    A  small  centrifugal  pump  and  later  a 
)meier,  took  care  of  tbe  leakage,  which  was  noticeably  greater 
igh  tides. 

Entrance. 

Excavation. 

IVlthin  tbe  box  like  eucloBure  formed  by  the  bulkheads  and 
:wo  rows  of  34  foot  sheet  piles,  excavation  was  started  for  the 
datlons  of  the  masonry  work  and  the  engine  pit.  Tbe  more 
!rlal  removed,  the  greater  became  tbe  need  of  temporary 
ing  to  keep  the  sides  of  tbis  box  from  collapsing.     Complete 

of  bracing  were  placed  in  iMsltlon  tor  every  6  or  S  feet  ot 
rated  depth  and  as  the  12  b;  U  and  S  by  U  Inch  slope  timbers 

used  for  this  work  It  was  important  that  they  should  be  cut 
tile  as  possible. 

Sacb  set  placed  made  it  more  difficult  to  place  tbe  next  below, 
.  tbe  time  came  when  the  long  timbers  could  not  be  landed  in 
rantal    positions   and    had    to    be  placed    wherever   a   eultable 
Jng  could  be  found. 
So  thickly  were  these  timbers  placed,  that  at  tbe  time  the 

slil  stones  were  lowered  Into  the  pit,  there  was  but  one 
log  to  be  found  ot  size  sufficient  to  admit  them. 
Bxcavatlon  was  carried  to  the  stratum  of  hard  white  clay.  In 
g  this  It  was  found  that  the  sheet  pile  protection  had  not 
>trated  tbis  clay  to  any  appreciable  depth,  as  in  many  cases  the 
.vation  laid  bare  the  points  of  the  piles.  More  bracing  was 
order  of  the  day,  and  that  Immediately. 

Leaks  at  high  tide  had  always  necessitated  regular  pumping, 
now  the  water  began  to  find  its  way  down  tbe  aides  of  the 
n  piles  and  through  the  gravel  stratum  at  their  points,  in 
Qtitles  that  became  alarming.  The  original  idea  of  driving  a 
I  water  cut  off  wall  of  20  feet  sheet  piles  along  the  front  and 
■  edges  of  the  pit  was  abandoned,  as  no  pile  could  be  forced 
I  this  hard  layer  of  white  clay.  As  a  substitute  measure  a 
ich  Bome  Z  tt.  wide  and  4  ft.  deep  was  dug  in  the  clay  parallel 
the  face  ot  and  at  some  distance  in  front  ot  the  outer  sill  ot 

aprons.    This  trench  was  filled  with  concrete  which  Joined  to 

concrete  foundation,  formed  a  stop  water  as  effective  as  the 
s  would  have  been. 

Ckincreting  waa  started  near  the  miadle  ot  the  pit  and  the 
odations  raised  several  feet  high.    This  was  extended  to  within 
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rhe  concrete  was  made  In  accordance  with  the  epeclfl cations, 
g  "Dragon"  Portland  cement  and  cniehed  granite,  and  waa 
:ly  machine  mixed.  The  "machine"  was  of  the  grAvitj  type, 
nvention  of  a  local  EIngineer,  who  put  it  on  tlie  work  aa  an 
rimental  trial.  The  result  was  considered  so  satl  a  factory, 'that 
believe  this  machine,  or  one  along  similar  lines,  can  now  be 
based  in  the  open  market  as  a  patented  Invention. 
\B  the  accompanying  photograph  shows,  the  mixer  consists  of 
[ht  wooden  frame  work  supporting  two  cone  shaped  hoppers, 
vertically  above  the  other,  and  above  these,  tour  pyramidal 
)era,  the  combined  capacity  of  which,  equalled  either  of  fhe 
cones,  and  at  the  top,  bins  for  sand  and  broken  stone. 
Por  work  In  a  pit  this  machine  was  exceedingly  handy.  It 
1  be  picked  up  by  a  dredge  boom  and  placed  In  any  desired 
Lion,  and  raised  as  the  concrete  work  reached  the  lower  hopper. 
In  operation  It  required  the  services  of  tour  men,  two  to  All 
rour  upper  hoppers,  and  a  man  at  each  o(  the  others  to  regulate 
gates.  A  scow  load  of  sand  and  another  of  broken  stone  would 
lauled  along  side  the  bulkhead  and  from  this  a  bucket  dredge 
Id  keep  the  sand  and  stone  bins  constantly  filled. 
The  men  at  the  upper  hoppers  would  empty  a  sack  of  cement 
:ach,  and  then  by  opening  gates  In  the  bottom  of  the  bins 
re,  allow  the  necessary  amounts  of  aand  and  stone  to  Bow  In, 
ks  having  been  previously  made  on  the  sides  of  the  hoppers 
ihow  the  correct  proportion  of  each  of  the  ingredients.  The 
unt  of  water  found  by  experience  to  be  necessary,  would  then 
lashed  Into  the  hoppers,  and  the  charges  allowed  to  ran  into 
first  cone  hopper  below. 

Refilling  would  begin  at  the  top  while  the  men  were  caring  for 
first  charge  In  the  lower  hoppers.  The  process  was  thus 
;inuous,  and  the  product  as  regards  thorough  mixing  was  first 
e,  especially  where  the  mixture  was  dropped  from  the  lowest 
per  directly  Into  barrows.  The  capacity  of  a  single  charge  waa 
roxlmately  25  cubic  (eet  of  concrete,  when  rammed  Into  place. 
'  record  for  a  days  run  (10  hours)  was  110  i>atches.  making 
ut  35  cents  as  the  labor  charge  for  a  cubic  yard  o(  concrete  in 
:e. 

Masonry. 
Upon  a  seven  foot  layer  of  this  concrete  as  »  foundation  were 
cted  the  maaonry  aprons  and  abutments. 

The  stones  were  massive  foliated  granite  from  quarries  near 
rt  Deposit  Md.  The  sill  stones.  3  and  6  feet  thick,  were  bound 
ether  with  steel  bands,  set  on  beds  of  mortar  and  the  Joints 
ihed  with  Portland  cement  grout 
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It  required  careful  work  to  place  these  15  ton  blocks  with 
their  top  surface  truly  level  and  their  bush  hammered  faces  to  ao 
exact  transit  line. 

The  course  stones  of  the  abutments  are  doweled  on  the  beds 
with  two  iron  pins,  1  inch  square  and  4  inches  long:.  For  setting 
the  jamb  stones  a  batter  board  was  used  which  had  been  obtained 
from  the  ship  building  company  who  made  the  grate.  Thus  the 
gate  and  the  recesses  in  the  abutments  were  built  to  the  same 
pattern,  and  there  could  be  little  chance  of  a  misfit. 

Behind  the  north  abutment  as  the  masonry  work  progressed 
the  concrete  backing  was  filled  in  solid  to  the  bulkhead.  Behind 
the  south  abutment,  in  the  concrete  backing,  was  formed  the 
drainage  tunnel  from  the  dock,  the  pump  well,  and  the  engine  pit 

Tunnel,  Pump  Well  and  Engine  Fit 

The  tunnel  from  the  main  dock  passes  under  the  comer  of  the 
masonry  and  into  the  pump  well  behind  the  abutment.  In  cross 
section  it  is  6  feet  square.  At  the  point  of  junction  with  the 
pump  well,  a  sump  pit  6  by  6  feet  and  2%  inches  deep  is  constructed 
in  the  floor  of  the  tunnel.  Into  this  sump  extends  the  suction 
pipe  from  the  12  inch  centrifugal  pump.  It  is  the  lowest  point  of 
the  drainage  system,  intended  to  take  care  of  leakage  while  the 
dock  is  in  use.  The  pump  well  itself  is  6  feet  deep  and  has  a  floor 
area  of  approximately  300  square  feet 

In  the  centre  a  6  by  6  foDt  concrete  pedestal  serves  as  a 
support  for  the  12  inch  I  beams  which  are  built  into  the  roof  as  a 
support  to  the  weight  of  the  suction  pipes,  engines  and  pumps 
Above  the  pump  well  is  10  feet  6  inches  of  concrete,  which  forms 
the  foundation  of  the  engine  pit  The  heavy  suction  pipes  were 
supported  on  wooden  blocking  while  the  concrete  was  being  plac<»a 
about  them  and  the  blocking  left  until  the  completion  of  the  work. 

Anchor  bolts  for  the  engine  bases  were  about  7  feet  long,  set 
within  a  length  of  4  inch  gas  piping,  with  heavy  cast  iron  base 
plates  at  the  bottom. 

After  the  engines  had  been  aligned  these  gas  pipes  were  ru? 
full  of  cement  grout. 

There  had  been  plenty  of  evidence  at  hand  to  conclusively 
demonstrate  that  a  mixture  of  1-2-^  concrete  was  not  water  proof 
when  subjected  to  much  hydraulic  pressure. 

As  the  roof  of  the  pump  well  would  be,  at  high  tide,  some 
30  feet  below  the  level  of  the  water  outside  the  dock,  or  subject 
to  a  pressure  of  some  1900  pounds  per  square  foot,  It  was  necessary 
to  provide  some  means  of  preventing  water  leakage  into  the  engine 
pit.    When  the  concrete  above  the  pump  well  had  reached  a  point 
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three  leet  below  tbe  DniBhed  level  ot  the  engine  room  floor,  a  3 
Inch  course  at  Portland  cement  mortar  (cement  1  part,  sand  2 
p&rta)  waa  spread  eventf  over  the  surface  and  extended  on  all 
aides  a  distance  of  2  foot  6  Inches  beyond  the  Onished  wall  lines 
Hi  the  pit  This  3  Inch  mortar  course  was  carried  up  parallel  witb 
tbe  walls  of  the  pit  to  the  top  of  the  dock,  being  back  In"  the 
zoDcrete  £  feet  from  tbe  face  ol  the  walla.  Kven  with  this  precan- 
tion,  tbe  walls  appeared  to  sweat  at  times,  though  the  moisture 
lid  not  accumulate  In  amounts  sufficient  to  run. 

This  mortar  course  not  having  been  specified  or  shown  on  the 
irlglnal  plana  became  a  subject  for  "extra"  charge.  It  cost  In 
labor  and  materials  a  total  of  (745.00  and  the  results  obtained 
iiBtlOed  tbe  extra  expenldture. 

The  engine  pit  la  26  by  42  feet.  It  Is  provided  at  the  top  witt 
1  four  foot  wide  platform,  eitendlng;  around  the  entire  pit.  from 
'hich  stairways  lead  down  to  the  engines  and  pumpa. 

•    Power    House. 

The  power  house  is  built  of  brick,  set  In  Rosendafe  cement 
Dortar.  It  waa  constructed  under  special  contract  by  C.  H.  Fath 
I  Son  of  Cleveland,  O.,  for  the  sum  of  fS,750.00. 

A  13  Inch  brick  wall  separates  tbe  boiler  room  from  the  engine 
:lt,  and  la  continued  through  the  roof.  Six,  3G  Inch  steel  plate 
Orders,  support  the  roof  ratters,  which  are  2  by  G  inch  timbers, 
ipaced   IS  Inches  on  centers. 

The  roof  covering  is  I^  Inch  matched  lumber  covered  wlfh 
In.  The  total  floor  area  figured  from  the  outside  dlmenalona  of 
he  stone  footing  course  would  be  nearly  3274  square  ft,  which 
Tould  make  tbe  contract  cost  of  the  building  a  little  more  than 
11.75  per  square  foot  of  floor  area.  Figuring  the  cubic  contents 
Tom  the  floor  level  to  tbe  underside  of  the  roof  boards,  would 
[ive  approximately  74685  cubic  feet,  and  a  contract  coat  of  7^4 
ents  per  cubic  toot 

The  writers  finds  among  bis  notes  referring  to  tbe  power 
louse,  that  tbe  cubic  content  of  the  walls  waa  7,000  cubic  teet.  the 
mmber  of  bricks  used  116,000,  which  would  give  an  average  of 
.6H  bricks  per  cubic,  foot. 

That  portion  of  power  house  covering  tbe  boilers  la  located 
nithin  the  lines  of  the  main  dock.  For  the  foundations  of  this 
ind  tbe  bolters,  piles  were  driven  and  covered  with  a  grillage  ot 
10  by  12  Inch  timbers  (old  sheet  piles  removed  from  temporary 
»ork)  upon  which  was  placed  a  layer  of  concrete  9  feet  thick. 
^Ir  ducts  were  laid  In  tbe  concrete  tor  the  forced  draft. 
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Sluice  Way. 

It  was  originally  planned  to  construct  a  buried  sluice  way  in 
the  outer  end  of  the  south  bulkhead,  through  which  the  discharge 
from  the  pumps  should  flow  into  the  harbor.  The  sluice  way  is 
shown  on  the  general  plan  drawing  accompanying  this  paper,  but 
it  was  never  constructed.  Instead,  the  end  of  the  bullihead  was 
never  closed,  and  the  pumps  were  allowed  to  discharge  into  it. 

There  was  some  question  as  to  whether  the  rush  of  water  from 
the  discharge  pipes  would  not  scour  out  the  material  from  around 
the  feet  of  the  sheet  piles,  and  cause  the  destruction  of  the  bulk- 
head. But  at  present  writing,  the  evidence  does  not  show  thai 
such'  action  has  taken  place  to  any  great  extent. 

Main  Body  of  Dock. 

The  necessity  of  placing  the  transverse  braces  to  keep  the 
bulkheads  in  place,  materially  changed  the  general  scheme  of 
construction,  in  so  far  as  it  applied  to  the'  work  on  the  main  body 
of  the  dock.  The  presence  of  these  braces  made  it  impossible  to 
use  a  pile  driver  on  the  dock  floor  level,  and  by  the  time  work  had 
actually  started  here,  there  had  accumulated  from  five  to  ten  feet 
of  mud,  gravel  and  oyster  shells  in  the  bottom  of  the  basin. 

The  pile  drivers  were  placed  on  run-ways  laid  on  top  of  these 
transverse  braces,  and  from  this  elevation,  the  piles  for  the 
bottom  and  the  side  slopes  of  the  first  200  feet  of  dock  length, 
were  driven. 

Meanwhile  excavation  was  being  completed  to  the  final  eleva- 
tion of  pile  cut-off,  and  as  fast  as  a  portion  could  be  cleared,  the 
piles  would  be  cut  and  capped,  and  the  70  foot  cross  fioor  timbers 
placed  in  position.  The  piles  driven  from  the  elevation  of  the 
temporary  braces,  shown  above,  were  found  to  be  badly  out  of 
line  at  the  point  of  cut-off,  some  so  badly  out,  that  it  was 
necessary  to  cut  them  off  a  foot  lower  and  cross  cap  them,  in 
order  to  obtain  any  bearing. 

The  north  bulkhead  had  given  such  evidence  of  instability 
that  it  was  thought  inadvisable  to  trust  entirely  to  the  eaKh 
back  filling  for  security,  so  before  the  temporary  bracing  had 
been  removed,  a  mass  of  concrete  was  packed  in  behind  the  altars 
and  slope  timbers,  which,  starting  at  the  point  of  the  first  angle 
of  the  dock  (80  feet  from  the  abutments),  was  gradually  increased 
In  thickness,  until  it  met  the  bulkhead  some  20  feet  back  from 
the  masonry,  from  which  point  the  entire  space  behind  the  slopes 
was  filled,  until  it  reached  the  concrete  backing  of  the  masonry. 

The  cross  drain  was  originally  designed  to  be  of  plank 
construction   similar   in    character   to   the   side    drains,   but  was 
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ructed  In  concrete,  tbe  foundation  work  of  tbe  aprons  belnx 
ded  into  the  body  of  the  dock  tor  the  purpose. 
Vhen  aufflcient  flooring  bad  been  placed,  a  traveller  waa 
iged,  which  had  a  derrick  on  the  two  forward  comers,  th« 
3  of  which  could  reach  the  surface  level  on  either  side  ol  Um 
This  was  used  In  landing  the  heavy  cross  floor  timbers  and 
Blopes,  and  proved  to  be  a  very  useful  affair, 
t  was  originally  planned  to  face  the  side  slope  timbers  with 
nch  whlta  pine  boards,  over  which  the  altars  would  be  spiked, 
rcer  facias  a  small  portion,  these  boards  were  entirely  omitted 

the  remainder. 

'heir  use  necessitated  hewing  the  entire  back  surface  of  th« 
3,  In  order  to  keep  the  front  surfaces  to  the  required  tinea. 
It  was  also  thought  that  these  boards  would  serve  to  retain 
-  behind  the  slopes,  alter  the  dock  had  been  pumped  out,  and 
Tadual  drainage  of  this  Into  the  slopes  would  keep  the  altara 
ly  and  slippery  most  of  the  time. 

'be  soft  mud  and  gravel  removed  from  the  bottom  of  the  dock, 
placed  or  rather  dropped  from  buckets  behind  the  slopes,  as 
as  altars  could  be  placed  to  retain  it  It  would  have  been 
.  preferable  to  have  carried  this  material  entirely  away,  and 
ded  a  better  kind.  Many  times  this  seml-llquld  mass  broke 
igh  temporary  retaining  walls  and  came  {muring  back  on  the 

floor.  Its  use  caused  a  considerable  inward  bow  in  the  slop* 
<rs  at  one  point,  and  at  another  near  the  flrst  angle  In  the 
I  aide,  when  the  Qlllng  had  reached  nearly  to  the  coping,  tEe 
ure  was  sulHcient  to  force  the  slope  timbers  from  the  piles, 
seriously  threaten  to  overturn  that  portion  of  the  slope. 
7  Iron  tie  rods  were  immediately  placed  so  as  to  fasten  the 

timbers  back  to  the  bulkhead,  and  the  addition  of  Ailing 
stopped  antll  that  portion  already  placed  had  entirely  dried 

^be  north  bulkhead  at  one  point  tor  a  distance  of  some  fltty 
had  crowded  so  tar  Into  the  dock  that  it  was  within  the 
led  coping  line.  As  It  was  impossible  to  get  It  back  again, 
top  was  sawed  away  and  the  flnisblng  timbers  laid  upon  It, 
ad  of  the  pile  capping.  It  seems  to  have  kept  to  this  position 
since,  so  no  harm  has  resulted  from  the  compromise. 
Then  construction  work  had  progressed  to  the  point  where  the 
QSl  shore  line  was  located,  the  most  difficult  portion  of  the 
I  was  over.  The  hydraulic  pressure  against  the  bulkheads 
no  linger  to  be  reckoned  with,  and  the  temporary  braces 
ngr  been  taken  down,  a  free  field  was  left  for  the  pile  drivers 
tlie  traveller. 
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The  drivers  were  now  landed  on  the  dock  bottom,  and  th 
rows  of  piles  from  this  point  became  more  satisfactory. 

The  excavation  was  mostly  in  the  gravel  strata  above  iH 
white  clay,  and  a  number  of  springs  were  encountered,  which  7o 
a  time  sent  water  and  filling  up  through  the  crevices  in  the  floorinj 
but  gradually  ceased  to  flow,  or  found  their  way  into  the  lowe 
level  of  the  side  drains. 

At  the  extreme  head  of  the  dock,  however,  a  very  serioi 
spring  was  encountered,  which  it  was  impossible  to  check.  Tht 
flow  from  this  source  would  approximate  that  from  a  5  inch  pipt 
ander  moderate  head.  After  various  attempts  to  choke  it  bad 
with  concrete  and  cement,  all  of  which  were  unsuccessful,  t^ 
stream  was  piped  into  the  nearest  side  drain  and  allowed  to  mi 
This  will  be  referred  to  a  little  later,  as  the  owners  of  the  doci 
after  they  came  to  operate  it,  tried  their  hand  at  controlling  thU 
stream. 

About  the  head  of  the  dock,  the  sand  and  gravel  soil  became 
80  compacted  that  it  was  practically  impossible  to  drive  the  slopi 
piles.  The  top  row  was  driven,  after  a  fashion,  however,  through 
the  surface  soil,  and  from  this  point  to  the  foot  of  the  slope,  tite 
banks  were  cut  to  slope  of  the  side  timbers.  As  the  altars  were 
placed,  concrete  was  rammed  between  them  and  the  bank,  iB 
place  of  earth  filling.  i 

It  was  originally  planned  to  have  the  head  of  the  dock,  a 
slope,  similar  to  the  sides,  but  thi9  was  modified  in  part,  and  a  bji- 
like  projection  constructed,  which  gave  an  additional  24  feet  I 
inches  to  the  effective  working  length  of  the  dock. 

The  driving  of  the  protection  sheet  piling  about  the  head  of 
the  dock  was  abandoned,  owing  to  the  hard  subsoil,  and  in  13 
place  was  constructed  a  masonry  retaining  wall,  to  support  tli« 
city  street  which  passes  close  to  the  head  of  the  dock,  but  at  > 
higher  level. 

By  this  time  the  keel  and  bilge  blocks  had  been  placed  and 
the  dock  allowed  to  slowly  fill  by  leakage.  The  cofferdam  wtf 
pulled,  and  the  entrance  dredged  out  to  the  level  of  the  aprons. 

The  dock  was  completed  and  formally  opened  on  the  25tli  d 
November,  1901,  thus  making  the  total  time  of  construction  i 
trifle  less  then  2  years  and  3  months.  There  had  been  used  in  tlie 
work  an  amount  of  material  approximately  as  follows: 

Yellow  Pine  Sheet  Piling 1,100,000  ft  B.H 

Yellow  Pine  Timber 1.028,000  "    "" 

White  Oak  Planking..          112,000  "    "' 

White  Oak  Timber 82.000  "    "  ' 


.     .NUVEUHER     '£b. 
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on  Fir  Timber 114,000  ft  fi.M. 

te  Pino  Boards 4,600   "    "  ■' 

Bands 4,100  lbs. 

I  beams 2,600    " 

Tie  Rods 52,000    " 

Granite  Masoniy 22,000    cu.    ft. 

rete 180.000 

Id  Piles 938,000  110.      " 

ind  Id  addition  tbere  bad  been  30,000  cu.  yds.,  of  ExcaTatfon 
60,000  cu.  yds.,  ol  DredKlng. 

CoBT  Data. 
rhe  contract  for  tbls  work  was  let  on  tbe  basis  of  unit  prices 
material  in  place,  and  labor  perlormed,  as  per  tbe  Collowlns 
lute: 

Iging 32t.    per  cu.  yd. 

ivation 37c.      "    " 

t  Piling »  53,25         "  tl   B.M. 

)w  Pine  Timber 37.60         

te  Pine  Boards 35.60        

on  Fir  Timber 26.00        

te  Oak  Plant 38.00        

ad  Piles 16c.      "    lin.    (t 

Rods 4c.      "lb. 

1  Bands 5c.      "     " 

ams 4  I  c-     ■'     ■' 

trete 21c.       "    CU.  It. 

Granite 1.09        

Tbe  total  cost  of  the  complete  dock  was  $430,000.00. 

Aside  from  tbe  carpenter  force,  wblcb  "was. more  or  less  slcUled 

r,    tbe    working    force    consisted    of    negros    and    Eorelgnars, 

clpally  Bohemians.    It  is  tbe  writer's  opinion,  that  the  ordinary 

red  gentlemen,  when  viewed  from  the  standpoint  ol  reliability 

1  workman,  is  a  failure.      Pay  days  on  this  job  were  twice  a 

ith,  and  after  each  one,  the  personnel   ot  the   laboring  force 

Id  contain  about  76%  of  unfamiliar  faces.     Two  weeks  steady 

t  was  about  tbe  limit. 

Wages  (or  a  ten    hour    day's    work   were    approximately    as 

Foremen $3.60 

Carpenters 2.25 

Carpenters'  Helpers 1.7E 

Bngineers 2.9O 

Firemen 1.75 

Common  Laborers l.EO 
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The  contractar'B  claims  for  ""extras"  on  this  work  reached  an 
enormous  total.  Unfortunately,  in  the  specifications,  no  proyisiot 
had  been  made  for  the  possible  need  of  temporary  bracing.  Wheq 
the  protection  bulkheads  started  into  the  dock,  temporary  bracing 
became  absolutely  necessary,  the  placing  of  which  the  contractor 
of  course  claimed  to  be  outside  the  scope  of  his  contract,  i 
compromise  was  effected  whereby  the  contractor  was  to  place  and 
remove  all  needful  bracing,  using  therefor  timbers  that  could  latef 
be  placed  permanently  in  the  dock.  For  this  labor  the  contractof 
was  to  charge  extra  time,  and  for  the  material  be  allowed  a  certaii 
percentage  of  its  contract  value,  until  such  time  as  it  should  b9 
placed  in  final  position  in  the  work. 

No  one  could  have  foreseen  the  great  amount  of  time  tha: 
would  be  necessary  to  accomplish  this,  or  the  consequent  extn 
cost. 

It  is  seldom  that  a  work  of  this  extent  does  not  cost  human 
life  as  well  as  money,  and  the  writer  would  be  pleased  were  itj 
possible  for  him  to  state  that  this  was  an  exception  to  the  usual! 
rule,  but  such  was  not  the  fact.  Two  workmen  were  killed.  Ofj 
narrow  escapes  there  were  several,  such  as  when  a  pile  driver  over-| 
turned,  and  a  hoisting  bucket  full  of  mud  fell  back  among  a  gang 
of  shovellers.  Of  the  less  serious  accidents,  we  might  mention  tbat 
of  a  member  of  the  Engineering  staff,  who  stepping  off  a  timbier 
one  day,  found  himself  up  to  his  shoulders  in  the  rich  black  ooze 
at  the  dock  bottom. 

CoMPABisoN  With  Other  Large  Docks. 

It  may  now  be  of  interest  to  record  the  finished  dimensions  of 
this  dry  dock,  and  compare  it  briefiy  with  the  other  large  structures 
of  similar  nature  to  be  found  along  the  North  Atlantic  seaboard. 

In  looking  over  the  published  literature  bearing  upon  this 
subject,  it  is  at  once  evident  that  there  is  needed  a  more  systematic 
method  of  recording  the  dimensions  of  docks,  whereby  measure- 
ments may  become  directly  comparable.  One  writer  in  describing 
a  structure  will  note  that  "the  length  on  the  floor,  head  to  inner 
abutment  is  516  feet"  while  another  states  that  "extreme  length 
at  bottom  on  keel  blocks  is  568  feet". 

The  purpose  of  a  dry  dock  is  to  dock  vessels,  therefore  the  first 
principal  dimension  of  a  dock,  should  be  given  as  that  of  the 
longest  possible  boat  which  the  structure  would  be  able  to  accom- 
modate, or  in  other  words,  the  greatest  horizontal  distance, 
measured  along  the  level  of  the  tops  of  the  keel  blocks,  from  a 
vertical  line  tangent  to  the  inner  face  of  the  caisson  gate,  to  the 
corresponding  point  in  the  head  of  the  dock.  Next  in  importance 
is  the  minimum  depth  of  water  over  the  entrance  sills,  after  which 
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I  be  given  the  width  of  entrance  at  the  level  of  the  Uip  ot 
[ghest  alll,   the  vertical   distance   from  the  top  of  this   Bill 

copl&s  level,  and  the  width  of  entrance  at  this  level.  In 
Mlj  of  the  dock,  dlmenalona  should  be  ^vea  aa  follows: 
lum  width  on  floor  level  and  at  the  level  of  the  top  of  the 
ilocks,  maximum  width  at  coping  level  between  the  Inside 
of  the  coping  timbers,  and  horlKHital  distance  at  coping 
'ram  vertical  tangent  to  inner  face  of  caisson  to  the  Inner 
'  the  coping  timber  at  the  head  ot  the  dock. 
Ilowing  this  method,  the  Dnished  dlmeuelone  ot  the  Baltl- 
lock  are  as  follows: 

e  horizontal  distance  at  level  of  keel  blocks,  from  a  vertical 
t  to  the  Inner  side  of  the  caiaaon,  to  the  vertical  face  ot  the 

the  head  is  599  feet  4  inches.     There  is  over  the  Inner  sill 

low  tide,  22  feet  ot  water,  and  at  high  tide,  25>i  feet  has 
ecorded.  The  width  ot  entrance  at  the  level  ot  the  top  of 
ler  Hill  Is  GO  feet,  and  at  the  coping  level,  SO  teet  The  top 
inner  elll  Is  29  teet  below  the  coping  level.  The  maximum 
of  dock  body  Is  60  ft.  at  the  floor  level,  and  69  feet  at  level 
I  ot  the  keel  blocks.     The  maximum  width  at  coping  level 

ft.  between  Inner  faces  ot  the  coping  timbers.  The  over 
aension  at  coping  level,  from  tangent  to  the  caisson,  to 
ace  of  coping  timbers  at  the  dock  head  is  604  feet  7  inches. 
t  other  large  docks  along  the  Atlantic  seaboard  are  located 
>  fallowing  points:  St.  Johns.  Ntld.;  Halifax,  N.  S.; 
outh,  N.H.;  Boston,  Mass.;  Brooklyn,  N.Y.;  League  Island, 
ewport  News,  Va.;  Norfolk,  Va.;  and  Port  Royail,  S.C. 
the  following  table,  the  writer  has  compiled,  from  various 
f,  the  principal  characteristics  ot  these.  The  indeflnlteness 
two  leading  dimensions  will  emphasize  what  has  Just  been 
regarding  the  desirability  of  a  more  uniform  system. 
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By  a  study  of  th«  table,  it  is  seen  that  In  maximum  length 

diMhinE  facility,  the  Baltimore  dock  is  only  exceeded  by  dock 
mber  2  at  Newport  News,  dock  number  2  at  Boston,  and  the 
lited  States  government  dock  at  Portsmouth. 

The  Portsmouth  and  Boston  docks  were  etlll  under  construction 
the  time  the  Baltimore  Dock  \Taa  completed,  so  that  at  the  time 
opening,  it  could  rank  as  the  second  largest  dock  on  the  coasL 

When  we  consider  the  serious  mishaps  that  hare  attended 
e  construction  ot  some  of  these  docks,  and  the  length  of  tlmtf 
]Dlred  for  their  completion,  we  find  that  the  Baltimore  dock 
IE  built  within  a  reasonable  time,  at  a  not  excessive  cost,  and 
IS  practically  free  from  misfortune. 

The  timber  dock  at  Port  Royal  was  under  conatruction  for  a 
rlod  of  four  years,  during  which  time  tbe  cofferdam  gave  way, 
e  dock  floor  waa  lilted  by  the  hydraulic  pressure,  and  tbe  dock 
la  flooded  by  the  tidal  wave  of  August  1893. 
Though  the  contract  price  given  In  the  table  la  only  |4lS,916, 
has  been  stated  that  the  dock  cost  the  United  States  government 
wards  of  one  million  dollars,  including  site  and  repairs,  and  a 
;eot  report  states  that  It  Is  to  be  abandoned  entirely. 

In  the  new  Boston  dock  tbe  cofferdam  failed  twice  during 
Dstructlon,  at  one  time  a  length  of  200  feet  giving  way,  and  at 
other  time  the  itock  waa  flooded  and  all  worli  stopped,  due  to  a 
itlement  and  overflow  of  the  clay  banking  at  tbe  sides. 

The  two  timber  docks  at  Brooklyn  have  been  the  cause  of 
uy  anxious  moments  on  the  part  of  the  officials  In  charge. 
lere  has  been  leaks  which  were  estimated  at  10.000  gallons  per 

Dock  number  2,  after  nine  years  or  so  of  use,  failed  so  seriously 
at  In  1900  it  was  almost  completely  rebuilt  in  concrete  and 
uonry,  and  can  hardly  be  classed  at  this  time  as  a  timber  dock. 

Cosci-rsioN. 

The  Baltimore  dock  has  now  been  In  operation  for  nearly 
iree  and  a  half  years,  and  It  may  be  of  interest,  in  conclusion, 
'  see  what  the  result  has  been. 

Through  the  concrete  backing  and  tbe  Joints  of  the  granite 
lutments,  at  tbe  time  of  completion,  there  were  several  places 
here  Bmall  streams  ot  water  had  found  entrance  Into  the  dock. 
'■  was  thought  at  the  time,  that  these  streams  ot  muddy  water 
ould  gradually  deposit  enough  silt  to  choke  back  the  flow,  but 
ich  has  not  been  the  case.  The  leakage  through  the  concrete, 
^alns  about  the  same,  no  worse  than  at  flrst  and  no  t>etter. 


224       Ashcroft  on  Construction  of  a  Timber  Dry  Dock 

The  3  inch  mortar  course  about  the  engine  pit  has  preyed 
effective.  There  are  several  damp  places,  but  at  no  point  can 
running  water  be  seen,  and  what  dampness  there  is,  shows  in 
horizontal  lines  around  the  engine  room,  and  is  evidently  caused 
by  an  incomplete  bond  between  one  day's  work  on  this  mortar 
course,  and  the  next. 

The  concrete  placed  between  the  altars  and  the  north  bullthead. 
has  served  to  keep  the  bulkhead  in  place,  but  at  this  point  there 
is  more  leakage  through  the  altars  than  at  others.  Since  tne 
filling  has  become  compacted,  there  have  been  no  visible  signs  of 
movement  either  in  the  bulkheads  or  the  slopes  of  the  basin. 

The  large  stream  of  water  at  the  head  of  the  dock,  (mention 
of  which  has  been  previously  made^  gave  considerable  trouble. 
in  that  it  brought  with  it  quantities  of  fine  sand  which  choked  up 
the  side  drains.  After  various  attempts  to  control  it,  a  test  well 
was  drilled,  which  showed  that  at  a  depth  of  65  to  80  feet  below 
the  coping  level,  there  existed  a  stratum  of  coarse  gravel,  and 
nock  at  a  depth  of  132  feet.  Three  ten  inch  pipes  were  driven  to 
the  rock,  and  perforated  where  they  passed  through  the  gravel 
stratum. 

These  wells  are  pumped  by  compressed  air  and  the  work  has 
to  go  on  constantly  whenever  the  dock  is  being  used. 

At  the  outlet  of  the  pumps,  where  the  sluice  way  was  omitted, 
there  has  been  no  evidence  of  scour  about  the  feet  of  the  sheet 
piles.  The  drainage  system  has  proved  of  ample  size  for  the  work 
intended. 

The  shortest  time  in  which  the  dock  has  ever  been  pumped 
out  with  al>  three  pumps  running,  is  70  minutes.  With  two  pumps 
going,  as  is  usually  done,  it  can  be  emptied  in  90  minutes. 

There  is  no  doubt  that  in  the  designing  and  building  of  this 
dock,  many  things  would  have  been  done  otherwise,  oould  fore- 
sight only  have  been  as  keen  as  hindsight.  But  after  all  is  said 
and  done,  can  there  be  a  better  test  of  the  success  of  an  engineering 
work,  than  that  it  satisfactorily  performs  the  functions  tor  whicb 
it  was  designed? 

The  writer  concludes  this  paper  with  the  words  of  the  Pre- 
sident of  the  Company,  who  in  a  recent  letter  to  the  author  t6ok 
occasion  to  say,  "In  our  three  years  operating  the  dock,  we  have 
made  but  one  change,  and  that  was  to  lengrthen  the  smoke  stacfi 
so  as  to  cut  out  forced  draft,  otherwise  if  I  had  another  dock  to 
build,  I  would  not  make  any  change  whatever." 
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DISCUSSION. 


Hr.  Sbanley. 


Mr.  Aahcroft. 


Dr.  W.  B.  Dawson. 


Mr.  Shanley  asked  whether  any  precautions  had  been  taken 
protect  the  timber  against  the  teredo.  ' 

Mr.  Ashcroft  answered  that  at  that  point  the  water  was  onlfl 
slightly  brackish,  since  there  were  one  or  two  fresh  water  streanisl 
entering  there.  An  old  dock  near  which  had  been  used  for  about! 
twenty  years,  was  in  a  very  bad  state  of  repair,  but  the  decay  was 
simply  the  rotting  of  the  timbers,  and  not  from  the  effect  of  the 
teredo.  Farther  down  the  Bay  there  would  probably  have  been 
trouble  experienced  from  the  teredo. 

Dr.  W.  Bell  Dawson  added,  by  correspondence,  that  In  compar- 
ing the  capacity  of  dry  docks,  Mr.  Ashcroft  was  very  rl^ht  in  em- 
phasizing the  need  for  taking  standard    dimensions,     wlilch    were 
comparable  in  all  cases.      Mr.  Ashcrdft  had  also  considered  that  the 
depth  of  water  over  the  entrance  sill  was  the  dimension  next  in  Im- 
portance to  the  length  of  the  dock;  but  he  was  surely  in  error  in 
adopting  the  minimum  depth,  or  the  available  draft  at  low  water, 
as  the  term  of  comparison.   This  might  perhaps  be  allowable  where 
the  tide  had  a  very  small  range,  amounting  only  to  two  or  three  feet, 
SLQ  in  the  case  of  the  dock  at  Baltimore,  which  he  was    describing,, 
but  where  the  tide  had  a  greater  range,  it  was  the  universal  prac- 
tice, both  in  Europe  and  on  this  continent,  to  admit  vessels  at  high 
water,  in  order  to  tane  advantage  of  the  additional    draught   then 
available.      In  some  of  the  important  Canadian  harbors  there  was 
a  tidal  ran^e  of  18  to  24  feet,  which  it  would  be  quite    out  of  the 
question  to  overlook,  or  to  lose  the  advantage  of.      It  was  also  to 
be  noted  that  where  the  rise  of  the  tide  was  so  great,  it  was  not 
possible  to  open  the  dock  gates  except  at  high  or  low  water,  on  ac- 
count of  the  rapid  change  in  the  water  level. 
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THE   BOUT  DE   LTSLE   BRIDGE. 
By  J.  L.  MOKKis,  M.  C&n.  Soc.  C.  B. 

The  Bout  de  I'lale  Bridge,  though  not  forming  one  ot  the  list  of 
the  Intematioiutl  and  Interprovincial  bridges,  as  yet  few  in  numLer, 
has   claims  to  be  closeed  with  the  prominent  bridges  of  Canada. 

It  is  composed  of  two  crossings  over  the  east  and  west  branches 
of  the  Ottawa  River,  formed  by  lie  Bourdon,  just  above  the  junction 
with  the  St.  Lawrence  River  at  the  foot  of  the  Island  of  Montreal. 

The  location  is  practically  the  same  as  determined  by  the  engineers 
of  the  Quebec,  Montreal,  Ottawa  &  Occidental  Railway,  bm  an 
alternative  crossing  of  the  Ottawa  River  tor  an  entrance  into  Montreal 
for  the  through  line  from  Quebec  in  1874.  This  bridge  now  forms 
th«  crossing  of  the  Ottawa  River,  for  the  Ghateauguay  and  Northern 
Railway  Company,  on  their  line  from  the  City  of  Montreal,  to  the 
Town  of  Jollette  on  the  line  of  the  Great  Northern  Railway,  which 
now  forms  that  part  of  the  transcontinental  line  of  the  Mackenzie 
and  Mann  system  which  connects  Quebec  and  Hawkeabury. 

The  west  channel,  that  between  the  Island  of  Montreal  and  lie 
Bourdon,  la  about  1500  feet  In  width,  and  the  bridge  crossing  It 
comprises  the  following  spans: — a  deck  plate  girder  4C  feet  in  length 
between  the  west  abutment  and  pier  No.  1;  four  through  trusses 
each  140  feet  in  length  from  pier  No.  1  to  pier  No.  5;  a  through 
truse  200  feet  In  length  from  pier  No.  5  to  pier  No.  6;  four  through 
trusses  each  140  feet  in  length  from  pier  No.  6  to  pier  No.  10;  and 
a  deck  plate  girder  46  feet  In  length  between  pier  No.  10  and  the 
east  abutment. 

The  distance  across  He  Bourdon,  between  the  abutments  of  the 
west  and  east  channels  is  about  2100  feet. 

The  east  channel,  that  between  He  Bourdon  and  Charlemagne  is 
about  1300  feet  in  width,  and  is  crossed  by  the  following  apansj  a 
deck  plate  girder  TO  feet  In  length  between  the  weat  abutment  and 
pier  No.  1. 

Seven  through  truss  bridges  each  140  feet  in  length  from  pier 
No.  1  to  pier  No.  8;  a  deck  plate  girder  70  feet  In  length  between 
pier  No.  S  and  the  Elast  abutment. 

The  2100  feet  stretch  across  He  Bourdon,  is  composed  of  earth 
embankment,  while  at  the  other  end  of  both  crossings,  the  approaches 
are  built  of  temporary  treaties,  each  about  2000  feet  in  length. 
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The  origiiuil  contract  for  the  Bub-structiire  of  the  bridge  was  let 
to  F.  C.  Dunn  and  Company  of  New  York  in  1902,  who  not  being  in  a 
position  to  construct  owing  to  the  great  hazards  to  be  met  with  in  the 
work,  sub- let  to  the  W.  J.  Poupore  Company  of  Montreal  in  February 
1903  all  of  the  work  coming  under  their  contract  with  The  Chateauguay 
and  Northern  Railway  Company,  being  twenty  five  miles  of  railway 
line,  which  included  the  sub-structure  of  the  Bout  de  risle  bridg^e. 

Preliminary  construction  such  as  the  cutting  off  of  piles  and  the 
building  of  caissons  was  begun  in  the  month  of  (February,  and 
continued  until  the  18th  of  March,  when  the  breaking  up  of  the  ice 
compelled  the  Contractor  to  stop  work  until  the  Spring  freshet  had 
subsided,  and  the  water  had  fallen  in  the  St.  Lawrence  River.  Much 
of  this  preliminary  work  was  injured  by  the  action  of  the  ice,  which 
was  carried  past  the  site  in  large  blocks  by  the  swift  current. 

Piles  for  the  foundations  of  all  piers  and  abutments  were  driven 
at  about  three  feet  centres,  and  this  work  was  carried  on  during  the 
winter  of  1902-3  from  the  ice,  which  notwithstanding  the  strong 
current,  formed  to  a  good  thickness,  and  made  this  part  of  the  work 
an  easy  matter,  especially  as  the  material  in  the  bed  of  the  river 
caused  no  inconvenience  in  the  driving  of  the  piles,  being  of  a  stiff 
blue  clay. 

The  Chateauguay  and  Northern  Railway  Company  being  respon- 
sible for  the  cutting  off  of  the  piles,  as  required  for  the  foundations 
of  the  piers  and  abutments,  made  an  effort  to  cut  the  piles  of  pier 
No.  4  by  usin^  one  diver  frcmi  an  anchored  ecow.    Owing  to  the 
swiftness  of  the  current  this  was  found  to  be  impracticable,  and  the 
balance  of  this  part  of  the  work  was  earried  out  by  the  W.  J.  Poupore 
Company,  who  to  ensure  the  safety  of  the  men  employed  below  water, 
took    all    the    precautions   which    were   possible.      A   large    scow   was 
securely  snubbed  to  the  heads  of  the  piles,  which  came  near  to  the 
surface  of  the  water.     Just  above  the  piles  upstream  from  the  pier 
a  temporary  crib  triangular    in    shape    was    sunk    with    the    nosing 
upstream,  which  broke  the  current  and  caused  practically  still  water 
around    the    piles.      Even    with    this    advantage    it    was    considered 
inadvisable  to  use  one  diver  in  cutting  the  pUes,  and  two  were  used 
m  preference.     As  many  as  twenty   four  piles  per  day  were  cut  off 
about  18  inches  above  the  level  of  the  bed  of  the  river. 
^       The  foundations  of  the  east  and  west  abutments,  and  piers  1,  2, 
,9,  and  10  of  the  west  channel,  were  constructed,  together  with  aU 
4   5  ^^^^^^^^"^"^^   of   the   east    channel   by   building   cofferdams.     Piers 
bv   fh    ^'  *°^  ^  °^  *^®  ^®^^  channel  had  their  foundations  constructed 
larire  ^  "^^   ^^  caissons.     These  caissons   were  constructed   18  inches 
foundat'^''  *"*  ^^^^^    ^^^'^    *^^®    required    dimensions    of    the    concrete 
on  the  in,'^^''.^^^  ^'^'''  ^'^^^   ^^"  ^   ^^^   squared  timber,  well  braced 
awe,  then  all  joints  well  caulked  so  as  to  make  it  waterti^t 
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The  timbers  were  scribed  to  fit  the  bottom  of  the  stream  ftt  the  Bite 
n-here  the  caisson  vos  to  be  sunk. 

At  the  placing  of  the  caisson  for  pier  4,  it  f'as  thought  possible 
to  anchor  it  in  place  by  the  use  of  three  ship  anchors,  attached  wiili 
cables  to  the  nosing  and  corners  of  the  caisson,  but  owing  to  the 
swiftness  of  the  current  and  the  slippery  condition  of  the  clay  in  the 
bottom  of  the  stream  it  n'as  found  impossible  to  do  so,  and  no  effort 
was  made  afterwards  to  place  any  of  the  piers  with  them.  It  was 
at  this  pier  No.  4,  that  owing  to  the  anchors  slipping,  the  caisson 
capsized  and  threw  the  men  into  the  water.  All  the  five  caissons 
were  finally  placed  by  means  of  tno  cables  attached  to  trees  on  an 
island  about  2500  feet  above  the  bridge  site,  and  as  a  protection  to 
the  public  were  floated  on  cedar  poles  with  spaces  of  about  30  feet 
between  tham.  and  attached  one  on  each  side  of  the  calason,  and 
with  a  third  cable  against  the  current  from  the  nearest  pier  on 
the  work,  we  were  able  without  mishap  to  place  all  of  the  caissons. 

At  the  shore  ends  where  the  water  was  shallow  and  where 
rafTerdams  were  used  the  concrete  was  brought  to  its  finished  level 
without  delay,  as  there  was  no  difficulty  in  keeping  out  the  water 
from  the  cofferdams,  but  in  those  foundations  where  caissons  were 
used,  the  concrete  was  filled  under  water  to  within  five  or  six  feet  of 
the  required  level,  and  after  five  or  six  days  the  water  was  pumped 
out  and  the  balance  of  the  concrete  brought  to  a  finished  level. 

After  the  placing  of  the  caisson  and  before  any  concrete  was  filled 
in,  the  diver  made  a  careful  examination  of  the  bed  of  the  river 
within  it,  and  of  its  bearing  on  the  bottom.  The  only  difficulty  was 
with  pier  5,  which  did  not  fit  the  irregular  bottom,  and  it  was  necessary 
to  line  the  inside  of  the  pier  with  heavy  canvas,  and  place  concrete 
in  bags  around  the  inside  edge  of  the  caisson  to  stop  the  flow  of  the 
water  through  the  concrete,  and  prevent  the  carrying  away  of  the 
cement  and  sand. 

The  concrete  used  in  the  foundations  was  composed  of  I  part  of 
cement,  2  parts  of  sand,  and  5  parts  of  broken  stone.  The  brands  of 
cement  principally  used  were  Invisible  (a  Canadian  cement)  Dycker- 
hoff,  and  Haemoor   (both   German  cements). 

The  supply  of  crushed  stone  was  brought  from  the  quarries  of  the 
W.  J.  Poupore  Co.,  at  the  east  end  of  Montreal,  and  delivered  to  the 
work  on  large  scows. 

The  level  of  the  finished  concrete  in  the  foundations  was  1  foot 
below  the  low  water  level  for  piers  2,  3,  4,  5,  6,  7,  8,  and  9  of  the  west 
(hannel,  and  for  all  piers  in  the  east  channel.  The  abutments  of 
both  crossings  were  44  feet  in  width,  22  feet  and  G  inches  from  the 
top  of  the  concrete  to  the  bridge  seat,  and  5  feet  from  the  bridge 
■eat  to  the  top  of  ballast  wall.     The  thickness  of  the  abutment  at  the 
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The  first  vtaMtary  of  the  west  channel  was  laid  on  April  Ut  1003, 
on  September  10th  of  the  eame  year  the  Bubstructure  was 
plete  comprieing  2  abutmeuta  and  10  piers,  which  contained  213B 
c  yards  of  concrete  in  foundations,  and  2983  cubic  yards  of 
onry.  The  steel  work  was  completed  over  this  channel  about  the 
day   of  October. 

The  masonry  of  the  east  channel  naa  commenced  on  August  th« 
I  1903,  and  completed  on  November  the  16th  1903,  comprising  2 
omenta  and  6  piers  which  contain  600  cubic  yards  of  concrete  in 
idations,  and  2060  cubic  yards  of  masonry. 

)n  the  25  miles  of  Railway  conBtructlon  between  Bout  de  I'lsla 
Joliette  four  smaller  bridges  and  seven  arch  culverts  were  built 
:he  same  time  as  the  Bout  de  I'Isle,  and  contained  3500  cubk 
la   of   concrete. 
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PAPEH  No,  239. 

AN    INVESTIGATION   OF   A    16    K.    W.   CONSTANT   CURRENT.' 
TRANSFORMBB. 

By  C.  H.  Wkight,  S.  Can.  Soc.  C.  B. 

Intbodcctobt. 

The  principle  ot  a  constant  current  transtormer  was  Urat 
d«tcrlbed  In  a  paper  presented  before  tbe  American  Institute  ol 
Electrical  Engineers  by  ProfesBor  EUhu  Thomson,  on  May  iStb, 
18S7,  and  publlHhed  In  the  " Proceedings"  of  that  body  In  the 
London  "Electrician."  Following  this  there  appeared  in  the 
London  "Electrical  Review"  of  April  16th,  1887,  an  article  by  Pro- 
lessor  Thomson,  describing  the  eltects  of  repluslon  between  primary 
md  secondary,  and  entitled  "New  methods  of  regulating  current 
and  potential  In  secondary  of  transformers."  On  January  10th, 
1ES9,  an  application  was  filed  tor  a  patent  on  constant  current 
transformers  which  regulated  by  means  of  a  variable  magnetic 
leakage,  tbe  opportunity  for  leakage  being  Intentionally  made  very 
great  by  winding  the  primary  and  secondary  on  the  separate  lege 
o(  an  Iron  core,  and  so  shaping  tbe  core  that  a  great  many  of  the 
Uoes  generated  by  the  primary  could  divert  themselves  from  Inter- 
linking the  secondary.  An  application  was  filed  June  Sth,  1891, 
for  a  patent  on  a  constant  current  transformer  which  regulated  by 
tbe  variable  leakage  produced  hy  a  moveable  secondary,  and  later 
(or  one  with  both  primary  and  secondary  moving  differentially, 
ili«  principle  being  essentially  that  of  tbe  present  type. 

Descbiption  and  Method  of  Operation. 

Tbe  component  parts  of  tbe  16  K.  W.  or  2E  light  constant 
torrent  transformer  tested  are:  — 

(1)  A  laminated  iron  core  of  tbe  double  magnetic  circuit  type, 
t>tit  of  an  exaggerated  height,  and  of  a  ui  shape,  the  top  cross 
Pieces  being  driven  In  after  the  colls  were  In  place.  The  whole 
Ktre  Is  mechanically  strengthened  by  iron  castings  at  top  and 
Attorn,  connected  by  wrought  Iron  stay  bolts  and  buck  staves. 

(2)  A  primary  coll  of  232  turns,  rectangular  In  plan,  and  firmly 
'aetened  in  the  bottom  of  the  spaces  within  the  iron  circuit 

(3)  A  secondary  coll  of  615  turns,  reclansular  in  plan  and  flttei 
^l  each  end  with  a  brass  casting,  by  wblcb  the  coll  may  be  moved 
'*'"ly  up  and  down  the  central  part  of  the  Iron  core, 
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aot  vary  la  direct  proportion  to  equal  Incrementa  of  secondary 

current,  the  Involute  Is  added  to  compensate  for  these  variations. 

In  the  extreme  case,  It  the  secondary  be  short  circalted.  the 
coILb  assume  the  no  load  position  with  the  secondary  at  the  top, 
and  consequently  the  leakage  Is  a  maxhnum.  On  the  other  hand, 
should  the  external  load  be  Increased  and  the  current  be  momen- 
tarily lowered,  the  repulsion  would  be  lessened,  and  the  secondary 
would  move  downward  to  a  position  where  It  embraced  more  ines, 
causing  the  voltage  to  rise. 

It  was  mentioned  above  that  the  primary  Inductance  Increased 
in  proportion  to  the  amount  oC  leakage.  This  brings  out  rather  B 
remarkable  result,  tor  In  the  regulation  test  the  primary  current 
is  seen  to  be  practically  the  same  for  all  loads,  whereas  the  actual 
power  supplied  varies  very  closely  with  the  load.  The  operation 
then  Is  a  result  of  a  varying  primary  power  factor,  or  a  variation 
of  the  energy  component  of  the  current  and  the  movement  of  the 
secondary  Into  positions  Involving  different  leakage  factors,  but 
this  does  not  Involve  a  waste  of  energy  In  the  primary  except  tor 

Practically,  the  operation  of  the  tran^ormer  depends  upon  tbe 
utilization  of  the  variations  in  repulsion,  between  the  primary  and 
secondary  as  a  mechanical  means  of  producing  a  variation  In  the 
leakage  factor.  It  was  desired  to  analyse  the  workings  of  a  trans- 
former when  regulating,  and  when  blocked  so  as  to  prevent  regula- 
tion. The  data  obtained  are  from  runs  made  on  lamps,  pure  non- 
inductive  loads,  and  purely  inductive  loads.  The 'different  constants 
show  the  effects  and  detects  of  the  regulation,  and  in  many  of 
these  testa  qualitative  results  were  looked  for  rather  than  quantita- 
tive, as  precision  could  not  be  expected  with  the  low  power  factors 
reached  In  some  of  the  runs. 

Method  of  Making  Tests. 

Both  primary  and  secondary  were  furnished  with  ammeter, 
voltmeter  and  wattmeter,  the  voltage  of  the  second  being  reduced 
by  potential  transformers  of  variable  ratios.  The  power  was 
derived  from  the  10-pole  motor  driven  generator  run  at  60  cycles  In 
the  shop,  and  also  from  one  run  compound.  The  first  non-Inductive 
run  taken  was  with  the  compound  machine.  A  set  of  difterent 
readings  were  taken  from  nine  dltferent  blacked  positions  of  tbe 
secondary,  at  current  values  varying  from  10  to  1.  From  the  values 
of  each  ot  these  positions  the  apparent  watts  and  power  factors 
were  also  calculated,  and  plots  were  made  according  to  I,  3,  5,  9. 

Inductive  Load. 
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colls  of  a  GO  light  constant  current  transformei 
circuiting  tbe  remalnluK  coIU  and  varying  tbeli 
the  InductaDce  as  to  obtain  desired  readings 
preclEelr  aa  In  tbe  noD-lnductlve  runs. 

The  next  arrangement  tried  was  that  ol 
coll  BO  arranged  aa  to  be  moveable  on  a 
thus  capable  ot  being  associated  with  a  varlabl 
did  not  have  a  great  enough  range  owing  lo 
Eometlmea  used.  From  the  values  observed, 
ajiA  power  (actors  calculated,  sheets  2,  4,  6  and 

Core  LfOss  and  Bxcitikq  Ctmt 

This  test  was  taken  on  the  primary  with 
Readings  were  taken  of  the  voltage,  amps.,  an 
conditions,  the  Instruments  being  so  arranged  i 
ammeter  and  series  coll  ol  wattmeter  shall  be  I 
colls  In  voltmeter  and  wattmeter. 

Tbe  exciting  current  was  about  6.6  amps. 


VOLTS 

OlISKRVEU.    CORR. 

110  110.4 

110  110.4 

110  110.4 

110  110.4 


WATTS 


[    ■    t  i 


110.4 


49.0 


Tbe  primary  volte  were  thus  too  high  wl 
ror  was  taken  into  account.  As  the  dlHen 
■  may  assume  a  straight  line  variation  ol 
Itage.  Applying  correction  to  the  toss 
\v 


110  4 


The  copper  lo 
would  tie  roughly 


-  =  488,  which  Is  the  true  cor 
:s  In  primary,  due  to  this  ami 

W.  Cu.=(.6«)"    (.1102)=:t;' 
=  .048  watta. 
tirely  negligible  in  tbe  value  488, 


From  value  of  exciting  current  and  core  lo 
the  msKnetizlne  current,  for  since  the  cui 
hysteresis  is  in  phase  with   (be  electromotive 
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The  lact  o(  hBTing  lowered  the  B.  M.  P.  does  aoi  la  an^  way 
alTect  tbe  value  o(  the  impedance,  as  the  Inductance  and  perlodi- 
citj  are  the  only  factors  which  enter  into  the  component,  and  these, 
like  the  reslatances,  are  constant  speclflc  properties  ot  the  primar; 
at  any  given  position  ot  the  secondary; — the  latter,  of  course, 
carrying  Its  normal  current. 

Reactance. 

From  the  Impedance  and  the  value  of  the  primary  reaistance, 

(he  reactance  at  the  two  points  may  be  calculated. 
Zj  =  r^  -Jx, 
6E.5  =  .110S  +  Jx 


I.  =  ^' (65.51'  -  l'1102|» 
^  6S.S  obma. 
This  Bbowa  that  even  at  full    load    the    primary  resistance  to 
literally  swamped  hy  the  reluctance,  and  that  the  Impedance  and 
reactance  are  practically  syDonomous. 

Inductance. 

The  absolute  Inductance  in  henries  may  be  calculated  from  thn 
and  the  frequency. 
=  2  a  1, 


X,           65.5 
1,  =_!  = —  =  .141 

henries. 

2       2x3.142 

X,              10.5 
1.                                        .0167 

henries. 

2n        2+3.142 

A  table  of  these  constants  of  the  primary  is  given 

below;— 

PoiitioD      Periodicity.         Resilb. 
nf-niU,                                      inolims. 

Impedance. 

Reaclane 
in  ohms 

e    Inductauca 
io  heuriei. 

apart                  60                -IIOZ 

6S.5 

65.5 

.142 

closed                60                .1102 

10.5 

10.5 

.0161 

Dl8CUS810!T 

F  Results. 

The  tests  made  on  lamp  loads  are  the  ordinary  regulation 
tests,  and  readings  were  taken  at  each  position,  eo  that  ft  was 
possible  to  plot  curves  on  sheet  7. 

The  lamps  used  are  Itnown  as  the  Form  3  aeries  alternating 
cnrrnit  Thomson  enclosed  arc.  They  are  of  the  differential  type, 
the  series  and  shunt  magnets    each    consisting    of  two  solenoids 
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the  top  show  a  fall  la  voltage  more  thaa  proportional  to  tlie  In- 
crease In  current  and  appearing  convex  upward;  but  above  these 
two  curves  there  la  a,  pronounced  tendency  to  a  convex  downward 
curve,  the  voltage  not  tailing  oft  proportionately  to  the  Increased 
current.  The  only  probable  explanation  of  this  seems  to  He  In 
the  fact  that  the  apace  across  which  the  magnetic  leakage  must 
take  place  1b  more  constricted,  and  although  leakage  can  and  does 
take  place,  the  area  of  the  Inside  portions  of  bbe  core  legs  from 
which  the  leakage  must  emerge  U  90  small  aa  to  cause  the  iron  at 
these  points  to  approach  saturation  and  force  a  proportionally 
greater  number  of  the  lines  to  link  the  secondary  than  would  other- 
wise do  so.  If  the  area  was  Inflnltely  small,  no  leakage  could  t&ke 
place,  and  we  would  then  have  a  pure  static  transformer,  with  con- 
stant secondary  potential  minus  copper  losses.  The  fourth  curve 
from  the  top  in  Sheet  1  may  be  taken  as  the  limiting  case  where 
the  leakage  Is  proportional  to  the  Increase  In  current  and  the  plot 
Is  a  straight  line.  This  plot  shows  clearly  how  the  transformer 
would  act  If  the  colls  were  not  blocked.  Suppose,  for  example,  the 
current  to  be  6.6  amps,  on  a  very  light  load,  corresponding  to  a 
deHnlte  voltage  on  the  lowest  curve  (about  800  volts);  now  an  In- 
crease ot  load  would  momentarily  cause  the  current  to  drop,  and 
the  colls  would  swing  to  a  new  point  as  represented  on  the  curve 
above  (about  1300  volts).  Successive  increments  of  load  would 
cause  the  6.6  amperes  to  travel  from  curve  to  curve  until  It  Anally 
reached  the  highest  curve  at  a  certain  overload,  beyond  which 
point  the  transformer  would  no  longer  act  as  a  constant  current 
transformer,  but  Increased  load  would  mean  decreased  current, 
with  but  very  slight  Increase  of  voltage  up  to  the  Infinite  load  point 
of  about  2100  volts.  The  watt  curves  on  Sheet  3  are  very 
Interesting,  and  show  a  decided  resemblance  to  the  current  curves 
in  many  respects.  The  four  lower  curves  Intersect  at  zero  at  the 
two  points  where  the  current  and  voltage,  respectively,  are  equal 
to  zero  and,  of  course,  all  the  other  watt  curves  would  ilo  the  same 
if  the  transformer  had  been  able  to  carry  the  current  required 
to  pass  through  their  complete  cycles.  These  curves  show  a  marked 
symmetry  and,  moreover,  they  all  appear  to  have  a  maximum  value 
of  about  1400  volts,  and  to  be  symmetrical  about  the  axis  of  1400i 
volts.  This  could  not  be  explained,  hut  undoubtedly  the  proper 
equatlonal  relation,  if  differentiated,  would  show  some  such 
maxima,  and  It  seems  probable  that  this  would  be  at  1200  volts 
Instead  of  at  1400.  It  Is  also  probable  that  the  symmetry  would 
disappear  on  the  upper  curves,  due  to  the  same  cause  as  the  upper 
bending  of  the  current  curve  of  Sheet  1.  The  two  plots  ot  Sheet 
5  show  very  clearly  tne  variation  in  power  supplied,  and  in  the 
power  factor  with  the  primary  current.  Both  plots  exhibit  the 
general  tendency  In  all  the  plots  of  the  dropping  away  of  energy 
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the  eiteroal  laductaiic«  load,  the  resultaot  Increase  of  current 
causes  a  greater  expeaditure  o(  energy  Id  tbe  form  oC  C^R-  Tbe 
apparent  Irregularity  of  the  upper  curves  may  be  due  In  part  to 
tbe  actually  small,  but  proportionally  large,  Increase  of  resistance 
■>t  the  coils  of  the  variable  Inductance  due  to  their  excessive 
beating. 

The  two  curves  of  Sheet  6,  when  compared  with  the  correspond- 
inff  ones  of  Sheet  S,  show  the  same  general  ditlerenre  is  did  the 
:urrent  and  watt  curves.  On  account  of  the  low  precision  of  the 
results,  and  the  nearness  together  of  the  separate  curves,  the  two 
ixtreme  positions  only  were  plotted,  the  intermediate  curves  being 
either  Indicated  or  omitted.  The  upper  Bet  of  curves  shows  the 
pxtremely  low  power  factors  obtained,  and  the  curious  way  In 
ivhicb  they  varied  as  compared  with  those  of  Sheet  5.  The  lower 
iet  shows  how  the  Niergy  input  of  the  transformer  increased  with 
increase  of  current;  almost  the  reverse  of  the  case  on  Sheet  6, — the 
reawxi,  oi  course,  being  that  mentioned  In  the  case  of  the  watt 
curves,  namely,  that  the  C,  R  load  increased  aa  the  total  of  In- 
luctance  load  decreased  and  the  lag  became  less. 
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INSTRUCTIONS   FOR   PREPARING   PAPERS,   ETC. 

In  writing  papers,  or  discussions  on  papers,  the  use  of  the  first 
person  should  be  avoided. 

They  should  be  legibly  written  on  foolscap  paper,  on  one  side 
only,  with  a  margin  on  the  left  side. 

Illustrations,  when  necessary,  should  be  drawn  on  the  dull  side 
of  tracing  linen  to  as  small  a  scale  as  is  consistent  with  distinct- 
ness. They  should  not  be  more  than  ten  inches  in  height  and  in 
no  case  should  any  one  figure  exceed  this  height.  Black  ink  only 
should  be  used,  and  all  lines,  lettering,  etc.,  must  be  clear  and  dis- 
tinct. 

When  necessary  to  illustrate  a  paper  for  reading,  diagrams 
must  be  furnished.  These  must  be  bold,  distinct  and  clearly 
visible  in  detail  for  a  distance  of  thirty  feet. 

Papers  which  have  been  read  before  other  Societies,  or  have 
been  published,  cannot  be  read  at  meetings  of  this  Society. 

All  communications  must  be  forwarded  to  the  Secretary  of  the 
Society  from  whom  any  further  information  may  be  obtained. 


The  attention  of  Members  is  called  to  By-Laws  46  and  47. 


The  Society  will  not  hold  itself  responsible  for  any  ^teme^^ 
or  opinions  which  may  be  advanced  in  the  following  pages. 


•'  The  papers  shall  he  the  property  of  the  Society,  and  no  p»f^^ 
of  any  papers  or  (lisrussion  shall  be  nuule  except  by  the  Socitty  «' 
permtMion  of  Council/* — By-Law  No.  47. 
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A  meeting  of  the  Electrical  Section  was  held  Thursday,  Novem- 
ber 2nd,  1905,  Dr.  R.  B.  Owens  in  the  chair.  The  following  papers 
were  read: 


PAFKR     No.  2SO. 

AN  ELECTRIC  ACCELEROMETER. 

By  R.  B.  Owens,  M.  Can.  Soc.  C.  E. 

The  advent  of  the  electric  motor  as  a  competitor  of  the  steam 
engine,  especially  in  the  traction  field,  has  given  rise  to  certain 
acceleration  problems  unfamiliar  to  engineers  of  a  generation  ago. 
At  a  time  when  the  train  mile  was  a  satisfactory  unit  in  which  to 
reckon  haulage  costs,  there  was  little  occasion  to  bother  with  ac- 
celeration. Now,  however,  when  neither  the  train  mile,  car  mile, 
nor  ton  mile  suffice,  even  when  coupled  with  a  speed  factor  as  a 
basis  of  estimation  and  analysis,  now  when  to  maintain  certain 
schedules  more  energy  is  expended  in  accelerating  than  in  over- 
coming frictlonal  and  grade  resistances,  a  simple^  accurate,  and 
reliable  means  of  measuring  acceleration  is  urgently  demanded, — 
a  means  at  least  comparable  in  simplicity  and  accuracy  with  those 
employed  in  the  measuring  of  the  quantities  of  which  it  is  the 
second  and  first  differential  with  respect  to  time.  The  measurement 
of  length  la  familiar  to  all.  Of  practical  methods  of  measuring 
velocity  or  speed,,  at  least  of  machines,  one  of  the  most  satisfactory, 
if  not  the  most  satisfactory ^  involves  the  use  of  a  suitable  con- 
stantly excited  or  permanent  magnet  dynamo  mechanically  driven 
by  the  piece  whose  velocity  is  to  be  measured,  and  electrlcaliy  Ton- 
nected  through  an  ammeter  to  a  circuit  of  constant  co-efficients  as 
shown  in  Fig.  1. 

S  is  the  shaft  whose  velocity  is  to  be  measured.  C  is  a  mechan- 
ical coupler.  A  is  the  armature  of  a  small  permanent  magnet  or 
constantly  excited  continuous  current  dynamo  wound  so  as  to  have 
a  negligible  reaction  within  the  limits  of  its  use.  R  is  a  variable 
iK>n-inductive  resistance  and  I  is  a  zero  centre  d.  c.  ammeter. 
The  reading  of  I  will  be  proportional  to  the  speed  of  S  and  by 
adjusting  R,  can  be  calibrated  In  the  revolutions  per  minute,  feet 
per  second,  or  miles  per  hour  as  desired.  As  the  current  through 
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I  is  proportional  to  speed,  it  is  only  necessary  to  determine  the 
rate  at  which  the  current  varies  in  order  to  have  a  measure  of 
acceleration.  This  is  simply  and  easily  done  by  inserting  in  the 
circuit  with  I  a  transformer  T  with  its  secondary  connected,  for 
purposes  of  adjustment,  through  a  non-lnductiye  resistance  R  .  to 
a  lero  centre  d.  c.  voltmeter  V  (see  flg.  2).  The  reading  of  the 
voltmeter  V  will  then  be  proportional  to  the  acceleration,  positiye 
or  negative,  of  the  shaft  S. 


S     =o 


B*IG.    1. 

Substituting  recording  instruments  for  the  indicating  ones 
shown,  we  have  a  recording  speed  indicator  and  a  recording  accel- 
erometer. The  transformer  must  have  a  straight  line  saturation 
curve  and  a  large  transformation  ratio  as  the  secondary  induced 
voltage  is  necessarily  small  and  the  voltmeter  V  must  also  be 
sensitive.  The  calibration  of  the  ammeter  as  a  speed  Indicator 
is  effected  by  driving  the  armature  A  at  different  constant  speeds 
as  shown  by  ammeter  reading,  and  taking  the  revolutions  in  & 
given  time  by  means  of  a  revolution  counter  and  stop  watct. 
The  calibration  of  the  voltmeter  as  an  accelerometer  is  best  done 
by  driving  the  armature  A  by  a  se^parately  and  constantly  excited 
motor  having  applied  to  its  armature,  preferably  of  small  momen- 
tum, a  voltage  varying  approximately  as  a  linear  function  of  time. 
With  proper  manipulation  of  apparatus  the  ammeter  readings 
plotted  against  time  will  be  a  straight  line  whose  slope  will  Ik 
constant  and  equal  to  the  acceleration  and  to  the  constant  reading 
of  the  voltmeter  to  within  a  constant. 

In  some  tests  made  in  the  writer's  laboratory  not  long  ago.  A  (see 
again  fig.  2)  was  the  armature  of  a  small  low  voltage  separately 
excited  d.  c.  generator;   S  the  shaft  of  a  3  h.p.,  separately  excited 
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d.  c.  motor  to  whose  armature  by  a  potentiometer  arrangement  a 
steadily  increasing  or  decreasing  voltage  could  be  applied;  I  and 
V  ^Weston  ammeter  and  millivoltmeter  and  T  a  small  lighting 
transformer  with  a  transformation  ratio  of  20.  Excellent  results 
were  obtained,  speed  and  acceleration  being  read  to  exactly 
the  same  degree  of  accuracy  that  Weston  d.  c.  ammeters  and 
voltmeters  are  capable  of.  With  recording  instruments  substi- 
tuted, tlii«  would  seem  to  meet  every  requirement  of  a  practical 
apparatus  for  the  measurement  and  recording  of  velocity  and  accel- 
eration in  railway  work,  both  steam  and  electric,  and  is  applicable, 
of  course,  in  many  other  connections. 


252  Herdt  on  Oscillographic  Researches  on  Surging 


No.     231. 


OSCILLOGRAPHIC     RESEARCHES     ON     SURGING     IN     HIGH 

TENSION  LINES.    BY  C  DAVID. 

Abstracted  with  IntroducUon  by  L.  A.  Hebdt,  A.M.  Can.  Soc.  C£ 

When  a  current  is  flowing  through  a  circuit  containing  indQc- 
tance,  energy  is  stored  in  its  magnetic  field,  the  amount  of  energ; 
being  equal  to  one-half  the  product  of  the  inductance  into  tiir 
square  of  the  current.  If  the  E.M.F.  producing  the  current  > 
suddenly  removed,  this  energy  will  dissipate  in  heat.  If  the  cir- 
cuit be  suddenly  opened,  the  rate  of  the  dissipation  of  the  storec 
energy  will  be  great  and  consequently  the  EIM.F.  will  be  very 
high.  In  addition  to  magnetic  reactance,  a  circuit  will  have  mor: 
or  less  electrostatic  capacity,  that  is,  a  certain  quantity  of  elec^ 
tricity  is  required  to  charge  the  line.  This  energy  is  stored  ac. 
will  be  restored  again  when  the  line  is  discharged.  The  amotii: 
of  energy  stored  is  one-half  the  product  of  the  electrostatic  caia- 
city  of  the  line  into  the  square  of  the  voltage.  Energy  is  the.'; 
fore  stored  in  two  ways  in  a  system  of  electrical  conductors. 

A  change  of  circuit  condition  taking  place,  as  the  switching  c: 
or  off  of  an  additional  line,  the  opening  of  a  circuit  with  or  vit:- 
out  load,  sudden  changes  of  load,  etc.,  may  cause  violent  as: 
sudden  alterations  in  the  energy  condition  cf  the  circuit,  setting  t; 
electric  oscillations  which  are  liable  to  give  rise  to  destructi^^ 
voltages  extending  over  the  whole  system  and  causing  breakdowns 
of  insulation. 

When  a  transmission  line  is  switched  on  busbars  malntalnec 
at  constant  potential,  the  line  may  be  considered  as  a  condenser 
with  inductance  and  resistance  in  series.  According  to  theory 
(Steinmetz—Transactions  of  A.I.E.E.,  1901,  Oscillations  in  Bx^ 
Potential  Transmission  Lines),  the  maximum  value  of  the  oscilla- 
ting E.M.F.  induced  is  equal  to  the  impressed  E.M.F.  producin? 
the  surging;  that  is,  when  a  line  is  connected'  to  a  source  cf 
E.M.F.  the  -potential  may  rise  to  double  potential  and  will  thei: 
oscillate  between  this  value  and  zero  with  continually  diminisbin^ 
amplitude.  The  amplitude  of  the  oscillations  set  up  depends  oo 
the  point  of  thfi  nnpressed  E.  M.  F.  wave  at  which  the  circm*. 
switch  is  closed.  Also  the  frequency  of  the  oscillations  set  up  •* 
independent  of  the  impressed  frequency  but  depends  on  the  liD* 
constant. 

Theoretically,  then,  the  maximum  rise  of  potential  which  can 
occur  in  connecting  a  transmission  line  to  the  generator  husba-'s 
when  the  reflected  surge  adds  to  the  impressed  E.M.F.  is  lOOfc 
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In  practice  it  will  tie  seldoni  tbat  the  switching  tabes  place 
when  the  Impreesed  B.M.P.  la  at  Its  maximum. 

When  opening  a  high  tensirat  circuit,  tbe  rl«e  of  potential 
will  depend  upon  how  suddenly  the  current  Is  Interrupted,  and 
how  much  magnetic  energy  is  stored  In  the  circuit.  This  matter 
iB  treated  by  Stelnmetz  In  the  paper  above  reMrred  to,  and  It  Is 
t^ere  stated  that  "The  electric  oscillations  produced  by  opening 
a  transmission  line  under  load  may  reach  destrucUve  voltages, 
and  the  osclllatlans  caused  by  interrupting  a  short  circuit  are 
1lt.ble  to  reach  voltages  far  beyond  the  strength  of  any  InsulaUon." 
Also  that  "the  voltages  produced  by  the  oedllatlons  In  opening  a 
transmission  line  under  load  or  under  short  circuit  are  moderate 
If  th«  opening  of  the  circuit  occurs  at  a  certain  point  of  the 
E.M.F.  wave.  This  point  approximately  coincides  with  the  moment 
1  current." 


Pm.   : 


Electrical  oscillations  maj  be  caused  In  electric  circuits  by 
reacHunce.  In  very  few  cases,  however.  In  actual  transmission  and 
dletrlbntlng  circuits,  can  the  riae  of  potential  be  attributed  to  this 
cause. 

Among  many  papers  dealing  with  the  subject  ot  surges  on 
transmission  lines,  the  only  one  so  far  giving  the  result  ot  actual 
eiqwrlments  recently  appeared  In  the  transactions  of  the  Socl6te 
Internationale  des  Electriciene.  The  paper  is  by  Mr.  Charles 
David,  on  Oscillographic  Researches  made  by  the  Central  Electrical 
Laboratory.  Paris,  on  the  High  Tension  Circuit  ot  the  Medlter- 
raneui  Coast  Power  Co.  This  paper  is  very  valuable,  and  the 
following  abstract  should  prove  Interesting  to  the  members  of  the 
Electrical  Sertlim  of  the  Society. 

The  Inatantaireous  values  of  E.M.F.  and  current  were  obtained 
by  means  ot  a  Blondel-Cbarpentler  oscillograph. 

In  the  ordinary  form  ot  oscillographs,  the  Images  are  obtained 
on  a  photographic  plate  3.5"  by  4.5".    It  was  advisable  to  arrange 
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some  means  by  which  the  records  would  be  taken  for  a  time  saffi* 
clent  to  include  conditions  not  only  during  the  period  of  surging; 
but  for  the  time  before  and  after. 

Instead  of  the  ordinary  plate,  a  film  3.5"  wide  by  4.5  feet  loos 
was  wound!  on  a  wooden  cylinder  (Fig.  1),  placed  in  a  closed  boxwit^ 
a  shutter  and  arranged  so  that  the  images  on  the  galTanomeu: 
mirrors  could  be  thrown  on  the  film.  This  drum  was  rotated  bj 
a  small  motor,  so  that  the  width  of  a  period  length  as  shown  oo 
the  film  could  be  altered  by  speeding  or  slowing  the  motor.  It  wai 
thus  possible  to  obtain  a  large  number  of  periods  on  one  film. 

The  transmission  lines  experimented  upon  are  shown  in  Fi^.  li 

Ln  M€CUI 


STRTtONtf 


i^mcs  ^^  if^afi^' 


5  V-  R^mTHt 


ZUB'STWTfON  AT 

i-^  BCGUO£. 


The  two  stations  of  Plan  du  Var  and  La  Mecla  operate  ^ 
parallel.  These  stations  <ire  4^4  miles  apart.  The  line  Joio^^ 
them  is  overhead,,  3  phase,  3  conductors,  24''^  apart.  No.  1,  B.  ^^ 
copper  wires.  From  station  of  Plan  du  Var  two  overhead  trans- 
mission lines,  17  and  15  miles  lon^,  go  respectively  to  sub-aUtions 
at  La  Bagude  and  Ste.  Agathe.      The  line  to  La  Begode  U  made 


"256         Hcrdt  on  Oscillographic  Researches  en  Surging 

tbe  cbarglng  current  b«lag  approxlmaUlf  five  unperes  at  i,W 
volts.  The  lO-mlle  circuit  was  unloaded  l)ut  tm  a  few  transfcnnen 
wltn  open  circuit  seconditrlea  wblch  were  left  accMentaliy  on  the  line. 


In  Fig.  3  Uj  l8  the  ELM.F.  wave  across  <me  phase  at  tbe  gen- 
erator, U  tbe  voltage  at  the  end  of  the  line.  Waves  U  and  I, 
have  been  shown  In  opposition  of  phase,  that  ie,  U  Is  displaced  br 
1S0°  to  ehow  the  two  curves  more  dlstlnctlj. 

The  line  is  shown  to  have  been  switched  on  the  busbars  wliai 
the  impressed  B.M.F.  Is  changing  sign,  and,  as  would  be  expectnl. 
the  oscillations  produced  are  very  small.  The  oscillations  ceast 
in  tbe  first  half  period  atter  the  make.  When  the  line  is  opened 
there  are  no  oscillations  on  U  .  but  tbe  wave  U  sUows  at  tbe  rupture 
a  damped  oscillation  of  large  period. 


shows  tbe  line  switched  on  at  tbe  moment  when  the  Im- 
l.M.F.  Is  near  one-fourth  period. 
At  Srst  tbe  Impressed  E.M.F.  Is  suddenly  reduced,  but  tnrtliei 
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-a  rise  of  potential  takes  iplace,  giving  a  50%  increase  of  impressed 
pressure.  A  rise  is  also  shown  on  wave  U^.  The  oscillations 
cease  in  the  first  period  after  the  make.  HereJ  again,  there  are  no 
oscillations  In  the  impressed  E.M.F.  waves  when  the  circuit  is 
opened,  bnt  U    shows  a  momentary  surge. 


Pigs.  5,  6  and  7  show  the  conditions  of  U  and  U^  when  the  line 
was  switched  on  at  the  moment  when  the  impressed  B.M.F.  is 
at  or  near  one-third,  one-half,  and  two-third  period.  The  surges 
on  both  U  and  U  ar^  well  shown  and  aro  quite  large.  The  rise 
of  potential,  however,  did  not  in  any  one  of  a  large  number  of 
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experlmenta  exceed  65%.  The  oscillations  take  place  iv 
ooe  period  after  the  make  of  the  switch.  Wlien  the  swltdi  ru 
opened  the  voltage  never  rose,  but  in  all  caaes  the  ware  U^  eihxm 
a  much  lonir«r  period  and  ia  damped  out  in  a  single  oadUatioB. 


ft. 

?. 

Vs 

1 

« 

\l 

WlMMff 

IMAA 

The  percentage  of  the  number  of  timea  in  which  surging  appeaiwl 
to  the  total  make  and  break  equalled  66%. 

Records  taken  on  the  unloaded  line,  when  operated  with  an  oil 
switch  in  place  of  the  air  switch,  do  not  difCer  very  much  froai 
those  Just  shown. 


FMg.  8  shows  the  value  of  U  and  U  ,  the  unloaded  line  switchei 
in  with  an  oil  switch  at  the  moment  when  the  impressed  B.M.F. 
Is  near  one-half  period.  The  rise  of  potential  for  U^.  which  for  the 
air  switch   (Fig.    6),    was    considerable,    50%    as  near  as  can  be 
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Judged,  Is  only  about  half  of  that  annount.    U^,  although  it  shows 
considerable  oecillations,  shows  no  rise  of  potential. 

Fig.  9  is  for  a  similar  load,  but  the  time  of  switohing  is  near 
tlie  maximum  value  of  U  .  The  rise  of  potential  is  60%  for  U  and 
68%  for  U  .  This  is  somewhat  greater  than  that  obtained  with  the 
air  switch  under  similar  conditions. 


At  the  opening  of  the  circuit  there  are  no  oscillations  or  rise  of 
potential  in  U  as  for  U  .  A  damped  oscillation  of  long  i)eriod 
takes  place  in  every  case. 

In  twelve  difterent  experiments,  the  rise  of  voltage  for  U    and  If 

is  as  follows  (line  switched  in): — 


U 


(E.M.F.  at  busbars)  one  rise  of  potential  64% 

two  "  "  60% 

one  "  ••  50% 

three         "  "  25% 

one  "  *•  18% 

two  "  "  10% 


U. 


(difference  of  potential  at  end  of  line): 

one  rise  of  potential  67% 

two  "  "  647o 

one  "  "  58  7o 

two  ••  "  30% 

one  "  "  25% 

two  "  •*  17% 

one  •'  •*  87o 

So  far  as  these  experiments  go,  there  Is  not  very  much  differ- 
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enoe  whether  an  oil  or  an  air  switch  is  used.  Whenerer  the 
switching  In  takes  place  when  the  impressed  E.M.F.  is  near  zero, 
the  rise  of  potential  will  be  very  small.  At  other  times  the  rise  of 
potential  will  be  considerable  and  violent  oscillations  will  be  set 
up»  disappearing  in  one  period.  At  the  break  no  rise  of  potential 
under  any  conditions  has  been  noticed. 


EXPSBmSIfTS  WITH  NON-HTDnCTIYB  LOAD,  OII«   SWITCH. 

Oscillographic  records  are  given  for:  first,  the  switch  placed  be- 
tween the  generator  busbars  and  the  line;    second,  switch  placed 


V 

Y\_ 

»'. 

V 

)w^    ,.. 

between  the  line  and  the  load.       A  three  phase  water  rheostat 
was  placed  at  the  end  of  the  line  as  a  load. 

The  experiments  under  load  were  carried  out  in  the  follo^izis 
manner.  The  alternator  was  loaded  through*  the  40-mile  line  on  th'e 
water  rheostat  The  switch  was  then  opened  for  one-half  second 
and  then  dosed.  The  load  was  adjusted  to  22  amperes,  a  voltmeter 
on  the  line  side  of  the  switch  reading  U  (7,200  volts  on  one  phase) 
and  a  voltmeter  placed  on  the  rheostat  reading  U     (6^200  volts). 

2 

SWITCH    PLACBD    BETWEEN    GENERATOR    BUSBAR    AND    LINE,    OPEWmO 

OF    CIRCUIT. 


Fig.  10.  The  opening  of  the  switch  is  shown  to  have  taken 
place  when  U  is  zero.  No  rise  of  potential.  Other  records 
show  similar  result.  The  break  is  always  shofwn  to  take  place  at 
zero  value  of  impressed  E.M.F.  Mr.  David  is  uncertain  as  to 
whether  this  is  due  to  the  oil  switch  or  pure  hazard. 
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In  Figs.  11  and  12,  waves  U    and  U    are  shown  when  the  switch  is 

12 

closed.    There  is  no  surging  or  rise  of  potential.      The  regime  is 
steady  after  the  first  period  following  the  close  of  the  circuit. 
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HIGH    TENSION    OIL    SWITCH    PLACED    AT    END    OF    LINE. 

The  oil  switch  was  placed  between  the  receiving  end  of  the  line 
and  the  rheostat,  so  that  the  alternator  was  kept  on  the  line  when 
the  load  was  switched  off. 


SWITCHING    IN. 


In  Fig.  13,  U  and  U^  are  respectively  the  E.M.F.  of  the  gen- 
erator and  the  difference" of  potential  on  the  line  side  of  the  switch 
(U  =7,300  volts,  U  =6,100  volts,  the  current  26.5  amperes).  Oscil- 
lations are  shown  on  U    and  U  ,  but  without  rise  of  potential. 
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Fig.  14  gives  values  of  U  and  U  when  the  switch  is  opened.  Tit 
rifie  of  voltage  on  U  is  24^%  and  ^8%  for  U  .  Oscillations  take 
place  in  the  time  of  the  period  corresponding  to  the  unswitc]iin& 
In  the  course  of  a  large  number  of  experiments  under  similar  coa- 
ditlons  of  load  no  rise  of  potential  ever  took  place  at  the  switching 


in.  At  the  unswitching,  however,  the  increase  lies  between  15% 
and  24%.  The  percentage  rise  of  potential  is  usually  greater  at  tiie 
sending  than  at  the  receiving  end. 

AIR   SWITCH. 

Experiments  were  carried  on  with  an  air  switch,  this  switcli  be- 
ing of  special  make,  allowing  the  arc  made  at  the  break  to  rise  be- 
tween copper  horns,  increasing  the  length  of  the  arc  until 
it  broke.  The  records  show  that  the  rise  of  potential  with  this 
switch  is  considerably  greater  than  with  the  oil  switch  under  simi- 
lar conditions  of  load  and  that  the  oscillations  are  kept -up  for  at 
least  two  periods  after  the  opening  of  the  circuit. 
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EXPEBIMENTS   WITH  AN   X7in>EBGB0UND  CIRCUIT. 

The  cable  experimented  with,  Is  a  three  oanductor  lead-covered 
cable,  four  miles  long. 

The  cable  unloaded  was  switched  on  the  busbars  through  an 
oil  switch,  and  records  of  ILM.F.  and  current  aire  shown  in  Fig.  15. 

The  busbar  voltage  was  9,700-  The  current  value  is  not  given 
but  could  not  be  more  than  a  few  amperes. 

In  Fig.  16,  U  the  E.M.F.  wave  shows  little  oscillations,  not  so 
"With  the  current  wave  I.  Rapid  oscillations  take  place  during  the 
first  half  period  corresponding  to  the  closing  of  the  switch. 

A  200  kilo-volt-ampere  transformer  with  secondary  winding  open 
was  then  connected  to  the  end  of  the  cable. 


Watt  transformer  input  4,500;  applied  voltage  9,600;  the  cur- 
rent is  not  given. 

Fig.  16  shows  cable  switched  on  when  the  impressed 
E3.M.F.  is  about  changing  sign.  The  E.M.F.  wave  shows  no  osclUa- 
tione.  The  current  wave  shows  violent  ones.  The  maximum  values 
of  the  current  exceeded  the  width  of  the  film  and  are  not  recorded  on 
this  plata  The  negative  and  positive  waves  are  dissimilar  and  the 
distances  between  the  zero  values  are  unequal.  The  switch  was 
opened  after  an  interval  of  four  periods,  the  current  had  not  then 
taken  its  normal  value. 

Fig.  17  shows  E.M.F.  and  current  waves  for  a  similar  test,  but  the 
switch  closed  at  one-third  period.  Small  oscillations  are  shown  on 
the  E.M.F.  wave.  The  current  wave  ia  again  very  erratic,  starting 
with  a  large  rise  of  current,  followed  by  a  series  of  rapid  oscilla- 
tions.    The  circuit  was  opened  at  the  end  of  the  eleventh  period, 
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but  the  current  had  not  taken  lt£  normal  value.    The  effect  of  tiie 
unswitchin^  is  shown  by  a  small  oscillation  of  the  E.M.F.  ware. 
A    number    of    experiments     were     taken     and     show    similar 


results.  In  all  cases  it  is  shown  that  the  E.M.F.  wave  suffered 
very  small  disturbance  at  the  closing  or  opening  of  the  circuit,  but 
the  current  waves  show  violent  oscillations. 


These  experiments  are  not  sufficient  to  arrive  at  definite  con- 
clusions, but  they  show  that  there  is  a,  danger  of  overvoltage  vben 
a  transmission  line  is  thrown  on  generator  busbars  except  when 
the  switching  in  is  done  at  or  near  the  moment  when  the  im- 
pressed E.M.F.  is  zero;  there  is  no  danger  of  overvoltage  wh^B 
the  line  is  switched  off,  the  charging  current  being  usually  small 

There  is  danger  of  overvoltage  when  a  loaded  line  Is  ©witched 
off  the  high  tension  busbars  and  the  oil  switch  is  likely  to  prove 
less  dangerous  than  the  air  switch. 


MBJOHANICAL  SECTION. 

President — R.  J.  Durley. 
Vice-President — G.   J.   Desbarats. 

A  meeting  was  held  on  Thursday,  November  16th,  Mr.   R.  J. 
Durley  in  the  chair.    Mr.  Harrington  read  the  following  paper: 

PAPER    Ha.    232. 

THE    WHARF   CRANES   OF  THE   PE3NNSYL.VAN1A    RAILROAD 

COMPANY    AT    GREENY ILLfc,    N.J. 

By  John  Lyle  Harrington,  M.  Can.  Soc.  C.  E. 

The  great  industrial  development  of  the  last  century  was 
accompanied  aad  largely  made  possible  by  co-ordinate  growth  ;n 
the  facilities  for  both  foreign  and  domestic  transportation.  Within 
that  period  the  railway  became  the  most  important  single  factor 
in  the  material  life  of  all  progressive  nations,  and  the  steamship 
relegated  to  a  secondary  place  the  sailing  craft  which  had  been  for 
all  the  preceding  centuries  substantially  the  only  means  of  carry- 
ing on  the  foreign  or  domestic  commerce. 

The  traffic  carried  by  the  railways  and  the  merchant-marine 
of  the  world  has  assumed  almost  incomprehensible  proportions,  but 
the  development  of  the  means  for  transfenring  goods  from  one  great 
carrier  to  the  other  has  not  kept  pace  with  the  demand.  The  mast 
and  gaff,  operated  by  the  ship's  winches,  and  the  hand  truck  still 
remain  the  chief  means  for  handling  package  freight,  though  the 
greater  steamship  lines  have  very  recently  equipped  their  wharves 
with  electric  hoists  to  operate  the  mast  and  gaff. 

The  handling  of  iron  ores,  however,  has  received  the  attention 
of  many  of  our  ablest  engineers  during  the  last  third  of  a  century, 
and  the  traffic  in  iron  ore  now  existent  upon  the  great  lakes  is  only 
made  possible  by  the  improved  facilities  for  removing  the  ore  from 
the  vessels  and  delivering  it  to  railway  cars  cheaply  and  with 
dispatch. 

Dhe  handling  of  coal,  especially  in  the  seaboard  cities,  has  also 
received'  the  attention  of  specialists,  and  the  machinery  for  this 
work  has  reached  a  high  state  of  development. 

This  rapid  and  economical  handling  of  ores,  fuel,  and  flux  has 
greatly    reduced    the   cost    of    iron    and    steel,    and    thus    exerted 
Incalculable  influence  upon  the  world's  industrial  growth. 
3 
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Cranes  for  handling  packa^  freight  have  been  sporadically 
aeveloped,  here  and  there,  for  handling  Yery  heavy  loads.  Tbe 
most  notable  of  these  are  the  cranes  used  by.  the  great  navies  for 
the  trans-shipment  of  heavy  guns.  But  the  greater  portion  of  the 
package  freight  Is  still  hanciled  by  comparatively  primitive  mean:: 
The  cost  of  trans-shipment  is  great,  and  the  earning  jx>wer  of  ves- 
sels and  cars  is  considerably  reduced  because  they  are  idle  during 
the  time  required  for  loading  and  unloading  cargo. 

Both  th'd  railway  and  the  steamship  con[vpanies  are  rapid'j 
reaching  the  conclusion  that  they  must  make  the  necessary 
expenditure  for  freight-handUng  machinery,  if  the  work  is  to  b€ 
done  economically  and  quickly.  About  two  years  since,  when  the 
Pennsylvania  Railroad  Company  began  the  construction  of  its  new 
freight  terminus  in  the  New  York  harbour  at  Greenville,  N.J,,  thej 
invited  various  engin<eers  and  builders  of  prominence  to  submi: 
designs  for  cranes,  to  be  operated  by  electricity  and  to  handle 
freight,  both  bulk  and  package,  between  the  railway  cars  and  tbe 
vessels. 

In  response  numerous  carefully  thought  out  designs  were  sjlh 
mitted,  and  the  engineers  of  the  various  companies  tendering 
exposed  very  fully  the  methods  of  operation  and  construction  pr> 
posed  and  their  advantages.  The  Railroad  Company's  engineers 
made  a  minute  and  careful  examination  of  these  plans,  visited  aci 
examined  in  operation  various  installations  of  hoisting  machinery 
employing  the  principles  embodied  in  the  designs  offered,  and  made 
a  report  which  resulted  in  the  ^election  and  purchase  of  the  three 
cranes  described  below. 

By  the  initial  arrangement  there  were  to  have  been  two  cranes 
of  one  type  designed  primarily  to  handle  loose  freight,  such  as  coal, 
broken  stone,  sulphur,  and  iron  ore,  in  bulk,  the  third  crane  being 
of  larger  capacity  and  especially  designed  to  handle  heavy  package 
freight;  upon  further  study  of  the  situaUon,  however,  the  plan 
was  modified  so  as  to  combine  in  one  tjrpe  of  crane  the  more 
desirable  features  of  both. 

The  cranes,  as  constructed,  embody  the  best  thought  of  the 
manufacturers'  engineers,  ably  aided  by  the  advice  and  suggestions 
of  the  engineers  of  the  Pennsylvania  Railroad  Company,  and,  it  is 
thought,  represent  the  most  advanced  type  of  construction  ye* 
developed  for  the  purpose. 

GENERAL    DESCRIPTION. 

The  illustrations  presented  herewith  expose  the  principal  fea- 
tures of  the  cranes,  but  there  are  many  details  of  large  importance 
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In  the  operation  of  the  machinery,  iwihich  for  lack  of  space  must  be 
left  untouched. 

Fig.  No.  1  affords  a  general  view  of  the  three  cranes  In 
position  upon  the  pier,  and  the  railway  tracks  on  which  freight  is 
delivered  and  received. 

Fig.  No.  2  shows  the  cranes  disposed  over  the  pier  in  operation 
and  the  arrangement  along  the  centre  of  th^  pier  of  the  poles 
which  carry  the  feed  wires  for  the  crane,  the  telephone  and  the 
electric  light  wires,  and  the  stationary  electric  lamps. 

The  pier  Is  120'  wide  by  about  1,000'  long,  substantially  con- 
structed of  timber,  and  especially  designed  to  carry  the  cranes. 
Bight  railway  tracks  are  symmetrically  disposed  about  the  centre 
line  throughout  its  length.  Freight  is  delivered  and  received  on 
the  four  tracks  nearest  the  edge  of  the  pier,  while  the  four  at  the 
centre  are  reserved  for  switching  purposes. 

E>ach  crane  in  working  order  weighs  about  125  tons,  the  heigiht 
is  about  100',  the  span  centre  to  centre  of  crane  trucks  41',  the  dds- 
tanoe  between  trucks  longitudinally  to  the  piers  30',  and  the  clear 
headroom  beneath  the  cranes  is  20'.  The  boom  projects  approxi- 
mately 60'  beyond  the  pier,  and  the  extreme  working  position  of 
the  truck  is  52'  from  the  edge. 

The  cranes  are  designed  to  handle  a  normal  load  of  ten  tons  of 
package  freight  at  any  point  on  the  boom,  and  to  operate  a  clam 
shell  bucket  of  about  sixty  cubic  feet  capacity  for  handling  the 
bulk  freight.  All  of  the  oranes  are  designed  for  the  use  of  an 
auxiliary  hodst  for  placing  slings  about  the  loads  in  preparation  for 
handling  them  with  the  main  hoist,  but  the  auxiliary  hoisting 
ejigine  is  provided  on  only  one  crane. 

Each  crane  is  carried  on  four  four-wheeled  trucks  running  on 
two  tracks  of  14"  gauge.  The  two  trucks  at  one  end  are  driven,  and 
the  two  at  the  opposite  end  are  fitted  with  air  brakes. 

For  the  receipt    of    bulk  materials  whdch    are   handled  by  the 
clam  shell  bucket,  a  removable  hopper  is  provided  and  so  designed) 
that  it  will  occupy    the   space  between    the    operators'  bouses,  as 
shown  in  Fig.  No.  3,  and  may  be  hoisted  to  .position  by  the  crane 
Itself. 

The  boom  is  made  to  fold  so  as  to  clear  the  rigging  of  vessels, 
as  shown  in  Fig.  No.  4. 

All  of  the  engines  and  the  air  comipressor  are  electrically 
operated  and  ai'e  situated  in  the  rear  of  the  engine  house.  The 
operators,  however,  are  stationed  one  on  either  side  of  the  crane, 
in  the  extreme  fronts  of  the  engine  house.  The  windows  are  so 
situated  that  each  operator  always  has  a  full  view  of  the  load  ani 
of  the  railway  tracks.  The  levers  for  operating  the  friction  clutches 
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and  brakes  are  led  to  the  operators'  stands,  where  the  controllers 
are  also  placed.  The  operator  who  controls  the  movement  of  ihe 
boom  also  control  the  movement  of  the  cranes  along  their  tracks. 

The  cianee  are  amply  providad  with  electric  li«^htk>  both  for  tue 
engine  room  and  for  illuminating  the  pier  and  veseeU  for  nigtt 
operation. 

Each  crane  is  provided  with  a  telephone  for  communication 
with  the  other  cranes  or  with  shore  connections. 

DETAILED    DESCRIPTION. 

The  steel  framework  is  designed  and  constructed  in  accordance 
with  the  Pennsylvania  Railroad  Company's  specifications  for  rail- 
way bridges,  in  so  far  as  they  are  applicable  to  a  structure  of  this 
type.  A  very  substantial  and  rigid  floor  system  supports  the  engine 
house  and  takes  up  the  vibrations  of  the  machinery.  The  house 
itself  Is  constructed  of  wood  with  a  double  floor  in  the  ordinary 
manner.  Access  to  the  engine  house  and  to  the  sheaves  at  the  top 
of  the  tower  is  obtained  by  means  of  a  ladder,  shown  In  Fl^.  No.  3. 

Each  truck  is  composed  of  four  standard  chilled  car  wheels  of 
the  heaviest  type,  standard  5x9  Journals,  journal  boxes  and  bear- 
ings, and  a  steel  frame  composed  of  heavy  15"  channels,  substan- 
tially braced.  Two  of  the  trucks  are  provided  with  air  brakes,  as 
shown  in  Pig.  No.  10,  the  brakes  being  operated  from  the  engine 
house.  Each  of  the  other  trucks  is  fitted  with  a  25  h^p.  railwa.v 
type  motor  and  cut  spur  reduction  gearing  for  operating  the  crane 
on  Its  tracks,  as  shown  in  Fig.  No.  8.  The  driving  trucks  are  also 
provided  with  double  rail  stops  which  are  suspended  from  the  body 
of  the  truck  when  the  crane  is  in  operation,  but  which  are  let  down 
on  the  rails  between  the  wheels  when  the  crane  is  not  in  service. 
The  large  surface  exposed  to  the  wind  would  enable  a  very  light 
breeze  to  move  the  crane  along  the  tracks,  but  after  a  very  slis:ht 
movement  two  pair  of  wheels  mount  these  stops  and  prevent  fur- 
ther travel  in  either  direction.  All  the  trucks  are  articulated  in 
two  directions,  hence  a  proper  bearing  on  the  tracks  is  alwaj? 
assured,  no  matter  what  the  condition  of  the  pier  may  be. 

The  main  hqistlng  engine,  which  is  illustrated  in  Pigs.  Nob.  5 
and  6,  is  designed  either  to  handle  the  package  freight  on  a  one. 
two,  or  three  part  rope,  or  to  operate  the  clam  shell  bucket,  for 
which  two  ropes  are,  of  course,  required.  It  Is  fitted  with  a  sole- 
noid brake  and  with  an  exceptionally  large  and  efficient  load  brake, 
whioh  absolutely  prevents  the  load  from  running  down  in  case  the 
current  should  be  cut  off  or  accident  should  happen  to  the  motor. 
A  small  drum  attached  rigidly  to  the  shaft,  as  shown  on  the  near 
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end  in  Fig.  No.  5,  is  used    to   fold   the   boom.    E&ch   of   the  main 

liolsting  driuns  is  fitted  with  a  conical  friction  clutch  and  a  band 

brake,  and  consequently  is  under  full  control  of  the  operator.     A 

XOO  h..p.  motor  wound  for  500  volts  direct  cuirent  and  mounted  on 

springs,  much  as  it  would  be  on  a  railway  car,  operates  the  engine. 

For  hoisting  package  freight  but  one  rope  is  used.    This  is  led 

from  one  of  the  drums  directly  over  a  large  sheave  in  the  head  of 

the  tower,  thence  over  the  outer  of  the  two  boom  truck  sheaves, 

around  the  sheave  in  the  running  block,  over  the  inner  sheave  on 

the  boom  truck,  and    then    attached  by   a   shackle  to  the  running 

block,  as  shown  in  Fig.  No.  11.     Obviously  a  single  or  double  part 

rope  may  be  used  for  rapid  work  with  light  loads. 

When  the  clam  shell  bucket  is  employed  the  main  hoisting  rope 
is  operated  by  one  drum,  and  the  closing  rope,  which  also  assists  in 
the  hoisting,  by  the  second  drum.  These  ropes  also  lead  over  the 
sheaves  in  the  ihead  of  the  tower,  thence  over  the  sheaves  in  the 
boom  truck,  and  connect  to  the  bucket. 

The  boom  truck  is  fleeted  outward  along  the  boom  by  means  of 
the  engine  shown  in  Fig.  No.  7.  The  drum  is  divided  into  two 
parts,  one  of  which  is  somewhat  larger  in  diameter  than  the  other. 
When  the  clam  shell  bucket  is  in  use  a  single  rope  leads  from  each 
part  over  sheaves  supported  in  the  rear  of  the  boom,  thence  over 
the  sheaves  at  the  outer  end  of  the  boom,  shown  in  Fig.  No.  4, 
thence  to  their  connections  on  the  boom  truck.  The  rope  attached 
to  the  larger  part  of  the  drum  is  connected  to  the  outer  end  of  the 
truck,  and  the  other  rope  to  the  inner  end.  Thus  the  outer  pair  of 
wheels  and  sheave  are  drawn  out  more  rapidly  than  the  inner  pair 
and  sheave,  and  the  truck  spreads  as  it  approaches  the  end  of  the 
boom.  Longitudinal  bars  connect  the  two  parts  of  the  truck  but 
I>ennit  this  extension.  This  movement  of  the  sheaves  in  the  T>oom 
truck  separates  the  hoisting  ropes  and  prevents  the  clam  shell 
bucket  from  turning  and  twisting  the  ropes  as  it  enters  or  leaves 
the  hold  of  the  vessel,  yet  permits  the  hoisting  ropes  to  come 
together  as  the  bucket  approaches  the  boom  in  its  parabolic  path. 

When  package  freight  is  being  handled,  but  one  trolley  rope  is 
employed  and  the  parts  of  the  truck  do  not  alter  their  relative 
position  as  they  traverse  the  boom. 

The  engine  is  operated  to  draw  the  truck  toward  the  end  of  the 
boom,  while  the  horizontal  component  of  the  hoisting  ropes  brings 
the  truck  in  toward  the  tower  when  the  clutch  and  bral:3  are 
released.  The  engine  may,  however,  be  operated  to  <!raw  the  truck 
to  Its  inmost  position  if  desired.  This  engine  is  also  fitted  with 
solenoid  and  load  brakes.  The  reduction  gears  are  enclosed  in  an 
oil-tight  case,  have  cut  teeth,  and  run  in  a  bath  of  oil. 
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Fl£.  No.  8  illustrates  the  third  en^ne  employed  to  operate  the 
auxiliary  hoist  for  placing  slings  under  the  loads  of  package  freight 
The  telstin^  rope  is  led  directly  from  the  engine  to  a  sheave  lo 
the  rear  of  the  boom,  thence  forward  to  a  block  suspended  by  a 
slide  from  the  underside  of  one  part  of  the  boom.  The  rope  is  then 
led  around  the  running  block  in  the  usual  manner.  This  slide  is 
moved  along  the  boom  and  <held  in  any  position  by  a  continuous 
rope  running  over  sheaves  at  both  ends  of  the  boom  and  operated 
by  the  winch  head  on  the  engine.  The  engine  is  also  operated  by 
a  25  h.p.  railway  type  motor  mounted  on  springs.  The  hoisting 
drum  is  controlled  by  a  conical  friction  clutch  and  band  brake  in 
the  usual  manner. 

The  construction  and  operation  of  the  crane  boom  merits 
especial  attention.  It  consists  of  two  symmetrically  disposed  parts, 
each  composed  of  an  I  beam  and  a  channel  well  braced  together. 
The  -parts  are  rigidly  connected  at  the  ends,  but  throughout  the 
traverse  of  the  boom  truck  are  separated  to  admit  the  passage  of 
the  hoisting  ropes.  The  truck  runs  on  rails  placed  directly  upon 
the  I  beams.  As  shown  in  ]<1g.  No.  3  the  boom  extends  to  the 
extreme  rear  of  the  tower  where  the  horizontal  thrust  due  to  the 
weight  of  the  boom  and  the  tension  in  the  trolley  ropes  is  carried 
by  a  heavy  girder.  The  guy  r<H>e8  always  occur  in  pairs  in  order 
that  the  hoisting  ropes  may  traverse  the  length  of  the  boom 
between  them,  and  they  are  so  attached  that  the  respective  halves 
of  the  boom  are  balanced  under  load  and  do  not  twist.  They  are 
provided  with  turnbuckles  near  the  head  of  the  ^wer  for  adjust- 
ment. 

The  boom  is  hinged  for  vertical  movement  at  the  rear  and  at  a 
point  Just  forward  of  the  front  legs.  This  construction  permits  the 
boom  to  be  folded  to  clear  the  vessers  rigging,  as  shown  in  Fig- 
No.  4,  by  means  of  blocks  attached  to  the  outer  boom  hinge  and  to 
the  tower  near  its  head  and  falls  operated  by  the  small  drum  on 
the  main  engine.  The  position  of  the  outer  hinge  is  so  chosen  that 
but  slight  additional  weight  is  required  to  cause  the  boom  to 
resume  its  normal  position  w^hen  the  hoisting  ropes  are  released. 
This  additional  weight  is  supplied  by  the  boom  truck  which,  when 
the  boom  is  folded;  lies  in  a  pocket  formed  by  bent  ends  of  the  rails 
on  the  rear  of  the  boom,  and  by  the  forked  brace  at  the  rear,  as 
shown  in  Pig.  No.  4.  The  brace  is  hinged  at  the  rear,  and  the 
centre  line  of  its  hinges  is  made  to  coincide  with  that  of  the  hori- 
zontal rear  boom  hinge,  in  order  that  the  brace  and  hinge  may  rise 
together  without  friction.  The  brace  is  so  supported  on  the  bracing 
of  the  tower  that  it  does  not  follow  the  boom  to  a  horizontal  posi- 
tion, but  remains  about  four  feet  above.   The  vertical  forks  at  the 
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end,  however,  always  project  oelow  the  boom,  and,  since  they  flare 
downrward,  ^uide  It  to  a  central  position  as  it  rises,  though  they 
permit  its  free  lateral  movement  when  the  crane  is  in  operation. 
The  action  of  this  brace  is  evident  from  an  examination  of  Figs. 
Nos.  1  and  4.  The  brace  prevents  the  boom  from  turning  over  when 
being  folded,  as  it  has  a  tendency  to  do,  since  the  centre  of  gravity 
is  well  above  the  points  of  support.  At  the  extreme  rear  the  boom 
is  hinged  in  two  darectlons,  so  that  it  is  free  to  be  folded  and  to 
awing  sidewise  In  either  direction  within  the  range  permitted  by  the 
front  legs  of  the  tower. 

The  tboom  is  supported  entirely  by  the  wire  rope  guys  and  on  a 
combined  vertical  and  horizontal  hinge  at  the  rear.  This  arrange- 
ment permits  the  boom  to  swing  freely  when  a  load  is  being  lifted 
from  a  point  not  directly  beneath  it,  minimizes  the  effect  of  the 
shock  from  the  accidental  dropping  of  a  load,  and  substantially 
eliminates  the  danger  of  damage  from  collision  between  the  masts 
of  a  vessel  and  the  boom.  Lateral  guy  ropes  limit  the  horizontal! 
movement  of  the  boom  when  it  reaches  the  opposite  front  leg  of 
the  tower. 

The  removable  hopper  Is  so  designed  that  it  may  be  lifted  by 
the  crane  and  dropped  into  its  working  position.  Bulk  freight  may 
be  delivered  from  it  into  cars  on  the  track  in  front  of  the  crane  or 
the  first  track  beneath  it.  This  material  may  be  weighed  as 
delivered  if  desired. 

A  water  main  ds  carried  along  the  entire  length  of  the  pier  Just 
beneath  the  floor,  and  at  intervals  hose  connections  Just  above  the 
floor  are  provided.  Each  crane  is  provided  with  two  universal  noz- 
zles, one  on  top  of  each  front  corner  of  the  engine  house,  from 
which  duplicate  pipes  lead  to  the  middle  of  the  strut  connecting 
the  rear  trucks,  where  coupling  is  made  by  means  of  flexible  hose 
to  the  couplings  on  the  pier.  Thus  each  crane  is  made  a  veritable 
fire  engine. 

The  cranes  were  designated  to  operate  on  their  tracks  at  a 
speed  of  about  180'  per  minute  under  the  greatest  estimated  resist- 
ance. The  motors  are,  however,  under  series  parallel  of  control 
and  operate  together  at  full  or  half  speed.  The  resistance  is  nor- 
mally far  below  the  maximum,  consequently  the  speed  of  operation 
is  commonly  much  greater  than  lS<y  per  minute.  In  fact,  the 
mobility  of  the  cranes  is  astonishingly  great.  On  this  account  it 
has,  in  operation,  been  found  more  advantageous  to  move  the 
crane  over  the  load  and>  place  the  slings  with  the  main  hoist,  than 
to  employ  the  auxiliary  hoist  for  that  purpose.  The  leading  of  the 
holEting  ropes  over  the  head  of  the  tower  and  thence  over  the  boom 
truck,  which  is  never  under  full  load,  greatly  facilitates  the  ease 
and  rapidity  of  operation  and  greatly  reduces  any  shock  caused  by 


272  Harrington  on  Wharf  Cranes 

the  slipping  of  a  load.  The  suspension  of  the  boom  .proves  to  be 
extremely  advantageous.  One  of  the  cranes  has  been  so  vloleiitly 
struck  by  a  vessel  that  the  boom  was  forced  to  its  extreme  position 
and  the  tower  itself  twisted  until  some  of  the  trucks  left  the  tracks, 
but,  owing  to  this  extreme  flexibility  of  the  boom,  the  resultant 
damage  was  negligible. 

The  operation  of  the  cranes  as  a  whole  has  been  eminegiUy 
satisfactory  to  both  their  designers  and  builders  and  to  the  Rail- 
road Company.  They  are  large  and  expensive  machines,  but  they 
have  so  thoroughly  demonstrated  their  merits  im  the  few  months 
they  have  been  in  operation,  that,  in  future,  there  is  little  doubt 
that  similar  machinery  will  be  employed  on  all  large  wharves.  The 
resultant  economy  in  handling  the  freight  arnd  in  the  dispatch  of 
vessels  makes  the  installation  of  such  machinery  on  all  important 
wharves  eminently  advisable. 

The  cranes  were  designed  and  constructed  by  the  C.  W.  Hunt 
Company,  of  New  York.  Although  the  plans  were  prepared  under 
the  author's  direction,  the  design  is  the  result  of  the  combined 
work  of  Messrs.  C.  W.  Hunt,  C.  C.  King,  Wm.  Seaton,  W.  D. 
Stivers,  and  the  author,  ably  assisted  by  Messrs.  A.  W.  Gibb«i,  Genl. 
Supt.  of  Motive  Power,  his  assistant,  Mr.  B.  F.  Wood,  and  Mr.  A.  S- 
Vogt,  Mechanical  Engineer,  of  the  Pennsylvania  Railroad  Company. 


DISCUSSION. 

Professor  R.  J.  Durley  regretted  that  Mr.  Harrington  had  not  Prof.  Dariey. 
sone  rather  more  Into  detail,  and  touched  on  such  questions  as  the 
expense  of  operation  and  cost  of  handling  material  by  means  of 
the  cranes  described.  He  did  not  know  whether  any  tests  were 
made  on  the  Greenville  cranes  or  not,  but  was  reminded  of  a 
paper,  read  at  the  joint  meeting  of  the  American  Society  of 
Mechanical  Engineers  and  the  English  Institution  of  Mechanical 
Engineers  last  year  at  Chicago,  on  the  Comparative  Cost  of  Work- 
ing Electric  and  Hydraulic  Cranes  at  Middlesboro,  Eng.  These 
cranes  were,  of  course,  of  a  different  type,  but  figures  were  given 
as  to  the  cost  of  handling  material,  and  as  to  the  expenditure  of 
electric  energy.  Similar  data  from  Mr.  Harrington  would  be 
most  valuable. 

In  answer  to  a  question  from  Mr.  Goldmark,  Mr.  Harrington  Mr.  Harrington. 
explained  that  there  were  two  operators,  one  handling  the  engine 
^which  operated  the  boom  truck,  the  other  caring  for  the  main 
hoisting  engine.  One  man  alone  could  not  manage  the  simultane- 
ous movements,  especially  in  the  handling  of  a  clam  shell  bucket. 
With  an  ordinary  crane,  there  was  one  less  drum  to  handle.  In 
operating  a  clam  shell  bucket,  there  were  thirteen  movements,  so 
tbat  one  man  was  kept  exceedingly  busy  with  the  hoisting  engine 
alone. 

Mr.  John  Kennedy  remarked  that  it  was  astonishing  how  two  Mr.  Kennedy. 
men  could  so  exactly  co-ordinate  their  movements  as  these  oper- 
ators did.  It  was  very  interesting,  for  instance,  to  watch  the 
clam  shell  coal  derricks  in  the  Montreal  harbour,  which  were 
operated  in  this  way.  The  clam  shells  were  literally  thrown  into 
the  hatches  of  the  steamer,  making  trajectory,  which  was  the 
component  of  vertical  and  horizontal  motions  controlled  by 
separate  operators,  and  they  were  thrown  with  such  accuracy 
that  they  seldom  struck  the  sides  of  the  hatches.  Very 
skilful  operators  could  sometimes  make  as  many  as  six  trips  a 
minute,  and  Aearly  all  could  work  steadily  at  the  rate  of  £our 
trips  on  a  lift  of  seventy  feet  and  a  horizontal  movement  of  nearly 
forty  feet,  each  clam  shell  raising  an  average  of  15U  tons  of  soft 
coal  per  hour,  inclusive  of  the  time  for  cleaning  out  the  hold. 

The  Greenville  cranes,  had  evidently  been  designed  for  the 
special  work  of  transferring  large  lots  of  one  kind  of  freight 
directly  between  the  cars  and  the  vessel  without  the  intervention 
of  a  shed,  and  seemed  well  adapted  for  that  purpose.      They  had 
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Mr.  KcDoedy  mechanical  moTementa  that  Were  unuBual  and  greatly  enhanced 
their  value,  making  them,  In  his  opinion,  the  most  complete  in 
the  ports  of  this  continent  or  Europe,  As  to  the  crane 
problem  for  handling  cargoes  of  miscellaneous  ^oods  there 
were  many  complications.  In  ordinary  cargoes,  the  consign- 
ments were  packed  in  the  hold  with  the  main  idea  of  fitting 
well.  One  package  would  come  out  for  Chicago,  the  next  for 
Ottawa,  att^ther  for  Winnipeg,  etc.,  so  that  practically  they  could 
not  go  into  the  cars  directly,  consequently  a  shed  was  neceasar^r. 
Customs  House  regulations  and  other  considerations  also  involyed 
this  necessity.  Goods  making  up  out-going  cargoes  had  to  be 
received  In  such  order  as  they  might  happen  to  arrive  and  had 
to  be  stored  until  the  ship  or  particular  hold  was  ready  to  receive 
them.  On  this  continent  there  were  practically  no  railway  tracKs 
between  the  shed  and  the  ship,  and  in  order  to  save  space  and 
distance  of  handling  cargo,  the  shed  was  put  as  close  to  the  side 
of  the  wharf  as  possible.  This  made  it  possible  to  handle  the 
goods  between  the  ship  and  the  shed  entirely  without  wharf 
cranes.  In  British  and  Ehiropean  iK)rts  the  conditions  were  quite 
different.  There  the  railway  cars  or  trucks  were  small  and  llgbt 
and  easily  handled.  A  car  could  be  shoved  along  by  men  or 
'horses,  turned  on  a  12i  ft  turntable  and  pushed  out  of  the  way 
with  almost  as  much  ease  as  a  large  dray.  As  little  as  a  ton  or 
a  ton  and  a  half  was  accepted  as  a  carload.  The  trucks  were 
practically  all  open,  being  merely  covered  with  tarpaulins,  and 
therefore  easily  loaded  from  overhead  cranes.  These  conditions 
liad  led  to  the  placing  of  one  track,  or  more  commonly,  two  or 
three,  or  even  four,  between  the  ship  and  the  shed,  and  wharf 
cranes  were  therefore  a  necessity  for  the  handling  of  goods  be- 
tween the  ship  and  the  shed,  and  for  loading  and  unloading  cars 
on  the  space  between.  These  were  commonly  light  swinging  cranes 
mounted  on  overhead  moveable  frames  which  straddled  the  rail- 
way tracks.  The  older  cranes  were  nearly  all  hydraulic  but  many 
of  the  newer  ones  were  electric.  The  lifting  capacity  was  ordi- 
narily about  three  tons,  but  in  some  ports  as  high  as  five  tons. 
The  conditions  which  governed  the  handling  of  cargoes  on  the  two 
continents  were  therefore  entirely  different,  growing  largely  out 
of  the  great  difference  in  the  railway  cars,  and  so  it  came  that 
general  merchandise  cargoes  which  were  handled  almost  wholly 
by  cranes  on  one  side  of  the  Atlantic  were  handled  without  them 
on  the  other. 

The  Greenville  cranes  were  well  adapted  where  the  consignments 
were  large  and  handled  direct,  but  they  would  not  be  suitable 
for  the  ordinary  general  cargoes.  i 
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Mr.  Harrington  replied  that  the  main  purpose  of  the  cranes  Mr.  Hanington. 
was  for  handling  large  shipments,  such  as  steel  rails,  lumber,  etc. 
As  an  example  of  the  saving  in  expense  of  handling  by  the  use  of 
machinery,  at  Port  Tampa,  Florida,  a  bonus  was  offered  for  quick 
loading  and  delivery  of  large  shipments  of  phosphate  rock. 
Machinery  was  put  in  by  the  Plant  Line  at  that  point,  and  the 
bonus  earned  in  one  year  entirely  paid  for  the  installation. 

In  reply  to  questions  from  Professor  Durley,  Mr.  Harrin^on 
said  that  the  speed  for  hoisting  was  less  than  with  a  steam  engine, 
as  there  was  only  a  100  h.p.  motor  which  operated  Che  crane  with 
full  load  at  about  110  feet  per  minute.  420  feet  per  minute  was 
obtained  from  a  clam  shell  bucket  Considering  the  all  round  use 
of  the  towers,  it  was  thought  best  not  to  have  a  faster  rate.  The 
number  of  trips  that  it  was  possible  to  make  depended  upon  the 
facility  with  which  slings  could  be  attached  and  the  truck  could 
be  run  in  and  out,  rather  than  on  the  direct  hoisting,  which  was  a 
smaller  iMirt  of  the  work.  In  the  majority  of  cases  the  crane  must 
be  moved  and  the  load  attached  before  hoisting  began.  A  clam 
shell  bucket  made  about  three  trips  per  minute,  but  with  a  directly 
connected  steam  hoist,  about  four  trips  per  minute,  so  that  the  elec- 
tric apparatus  was  somewhat  slower.  With  regard  to  the  difference 
in  handling  coal  or  ore  by  a  crane  of  this  type  and  by  the  ordinary 
jib  crane,  it  was  rather  difficult  to  say.  The  Boston  tower  did  very 
rapid  work.  There  were  some  of  these  in  use  in  Montreal  and  they 
were,  of  course,  very  numerous  throughout  the  United  States.  The 
Parabolic  Boom  Hoist,  also  developed  by  the  Hunt  Company,  re- 
quired only  one  man  to  operate  it  and  did  very  good'  work.  In 
answer  to  Mr.  Kennedy,  Mr.  Harrington  said  that  most  of  the 
freight  was  loaded  on  open  cars  and  the  small  packages  which  were 
loaded  in  box  cars  were  simply  swung  in  while  suspended  in  the  air. 
There  were  two  rails  to  each  track,  14  inch  gauge.  The  tracks 
were  made  exceedingly  narrow  as  the  available  space  on  the 
wharves  was  limited. 

Mr.  H.  Goldmark  asked  if  any  estimates  had  been  made  com-  Mr.  Goidmark. 
paring  this  type  with  the  overhead  superstructure  or  runway. 

Mr.  Harrington  answered  that  the  latter  type  would  not  be  vr.  Harrington, 
feasible  on  account  of  the  rigging  of  the  vessels,  'the  longitudinal 
movement  of  the  cranes  was  not  obstructed  by  the  rigging.  It  was 
necessary  to  move  sometimes  about  half  a  car  length,  owing  to 
the  exposed  position  of  the  cranes.  The  runway  would  afso  be 
liable  to  trouble  from  the  wind. 

Mr.  H.  Goldmark  asked  if  the  cranes  were  equipped  with  any  nr.  aowmark. 
means  of  moving  the  cars. 

Mr.  Harrington  replied  that  a  car  could  be  drawn   by  blocks  Kr.  Harrington, 
uid  tackle  operated  by  a  winch-head  on  the  engine,  but  the  crane 
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Mr.  Goldmtrk. 


Mr.  Harrington. 


could  move  more  quickly  than  it  could  ^move  the  cax,  and  the 
freight  was  handled  so  rapidly  that  there  was  always  a  switch 
engine  present  to  switch  cars.  In  answer  to  a  question  from 
Professor  R.  J.  Durley,  Mr.  Harrington  said  that  the  two  cranes 
could  be  worked  at  hatches  about  forty  feet  apart. 

Mr.  Goldmark  wished  to  know  how  many  rails  the  crane  could 
handle  at  one  time,  and  if  they  had  to  come  out  endways. 

Mr.  Harrington  replied  that  they  would  handle  up  to  their 
capacity,  and  cranes  were  being  designed  which  would  take  out 
a  whole  carload  at  ohce  and  load  it.  The  rails  were  usaallT 
handled  with  two  slings  attached  to  one  block,  and  one  end  of  the 
sling  was  longer  than  the  other.  The  booms  would  operate  fifty- 
two  feet  from  the  edge  of  the  wharf  so  that  they  could  discharge 
over  the  outside  of  any  ordinary  ship  to  load  a  barge. 

In  conclusion,  Mr.  Harrington  wished  to  point  out  the  advan- 
tage of  the  trolley  type  of  crane,  especially  where  the  ropes  were 
at  the  end  of  the  tower.  Any  slippage  of  the  load  produced  no 
effect  on  this  crane,  but  with  the  rigid  type  the  jar  was  very 
heavy  when  the  load  surged.  The  flexible  movement  in  the  lateral 
direction  was  very  helpful.  These  cranes  could  be  operated  at  a 
low  or  high  rate  of  speed  by  the  control  of  the  driving  motors. 
The  means  for  preventing  the  crane  from  running  away  might  seem 
extraordinary,  but  serious  accidents  due  to  the  wind  blowing 
cranes  along  the  track  were  by  no  means  unusual,  hence  perfect 
means  for  prevention  were  necessary. 


MINING  SECTION. 

President — J.  B.  Porter. 
Vice-President — H.   C.   Burchell. 

lA  meeting  was  held  Thursday,  November  30th,  1^05,    Dr.    J.    fi. 
Porter  in  the  chair.    Two  papers  were  read  by  Dr.  Porter  and  one 
by  Mr.  J.  F.  Robertson,  as  follows: 


PAPER    No.    23S. 

THE  TESTING    OF   EXPLOSIVES     USED     IN     ENGINEERING. 
By  J.  B.  Porter,  D.Sc,  M.Can.Soc.C.E. 

The  advantages  to  be  gained  from  the  possession  of  a  satis- 
factory method  of  testing  and  comparing  explosives  have  long  been 
appreciated  by  engineers,  and  during  the  last  three  centuries  a 
very  great  number  and  variety  of  gauges  and  other  devices  have 
been  invented  and  used,  chiefly  by  gunnery  experts.  Some  of 
these  devices  afe  admirably  ingenious,  and  by  their  means  very 
accurate  investigations  have  been  made,  not  only  of  gunpowder 
and  similar  low  explosives,  but  even  of  the  various  high  power 
smokeless  powders,  such  as  oorddte,  etc.,  which  now  form  so 
lajge  a  part  of  both  military  and  sporting  ammunition. 

Nearly  all  the  work  that  has  been  done  thus  far  has  been  on 
powders  intended  for  ammunition  for  guns  great  and  small, 
or  for  the  guidance  of  the  manufacturers  of  explosives;  and  engi- 
neers engaged  in  rock  excavation  for  railway,  mining,  and  other 
purposes  are  still  supposed  to  be  without  any  olmple  and  reason- 
ably accurate  means  of  determining  by  small  tests  the  compare^ 
tlve  efficiency  of  the  explosives  offered  them  by  the  manu- 
flaicturers. 

The  apparatus  used  for  testinig  the  explosives  may  be  roughly 
classified: — 

1.  Projection  Mtichines, — Usually  small  guns  or  mortars,  using  a 
small  charge  to  project  a  comparatively  heavy  ball,  weight,  or 
lever.  See  Fig.  1.  The  distance  the  projectile  is  thrown  is 
measured,    or    Its    momentum   is  otherwise  determined,  and   the 
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r«BuIt  Is  compared  with  ttwt  obtained  from  otlier  ezpIotlTes. 
The  «arlle«t  powder  gauge  known  to  the  author  waa  of  this  tTp«, 
and  was  described  by  Furttenbach,  In  1626.  Uore  modem  me- 
chanisms of  the  same  general  character  are  used  to  this  daj. 
The  Qutnan  gauge  Illustrated  la  Fig.  No.  2,  la  very  largely  nied 
both  Id  ttla  country  and  alM-oad  by  manufacturers  of  dynamiu 
to  test  their  own  psodnet 


Fio.  1.     Mortar  for  ToBting  Explosives. 

2.  Refiiil  Appatnliig.—Tbia  la  practically  a  revereal  of  the  flJ^ 
type.  The  gun  itself  Is  mounted  on  a  swinging  arm,  sprint,  x 
float,  and  Its  recoil  is  measured  with  different  cborges  of  powdeT^i 
but  under  conditions  otherwise  Identical.    See  Fig.  3. 

3.  Telocity  Apparatus. — Usually  applied  to  standard  guns  or  <^ 
non  and  so  arranged  that  tbe  velocity  ot  the  projectile  i)| 
measured,  either  In  the  gun  or  after  leaving  It,  by  ehroni^rap'^i' 
electrically  operated.      Apparatus  of  this  type  is  useful  not  •H'fj 
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for  testing  ammunition  but  also  for  studying  the  laws  governing 
the  flight  of  projectiles,  and  it  has  proved  of  immense  value  to 
gunnery  experts  in  connection  with  the  development  of  modem 
high  range  guns. 

4.  Penetration  Apparatus, — Usually  applied  to  standard  rifles 
and  guns,  and  so  arranged  as  to  cause  the  projectile  to  pass 
through  a  number  of  equal  sheets  of  resisting  material. 

5.  Qas  Prciiwe  Recorders.— VsuaWj  in  the  form  of  crusher  or 
cutter  gauges  which  can  be  tapped  into  the  barrel  of  a  gun  or 
cannon    to   record   the   maximum  pressure  developed   at   the  point 


f 
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Fig.  2.     Quinan  Projection  Gauge  with  Crusher  Piece. 


of  insertion.  The  Rodman  cutter  gai^e  (U.S.  1857)  and  the  Noble 
crusher  gauge  (Eng.  1860-68)  are  the  best-known  pieces  of  ap- 
paratus of  this  group.  The  latter  is  probably  the  more  accurate. 
See  Fig  5. 

6.  Closed  Ewplosion  Chambers, — These  are  provided  with  crusher 
or  cutter  gauges  and  gas  checks  to  confine  the  gas  produced  by 
explosion  and  make  it  possible  to  determine  the  maximum  pres- 
sure developed.  The  Guttmann  gauge.  Fig.  No.  4,  is  of  this  class. 
In  it  lead  cylinders  are  driven  into  the  conical  ends  of  the  gauge 
and  are  thus  deformed.  The  degree  of  deformation  can  afterward 
be  measured  with  extreme  accuracy,  and  from  this  the  pressure 
can  be  calculated.    The  well  known  Noble  pressure  gauge   (Fig. 
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No.  6)  Is  also  at  this  cIrbb  and  uses  Noble  crusher  g&uges  to  record 
the  pressure. 

7.  Iniependemt  Oruther  Otttif*. — Usually  hollow  closed  oew^r 
cylinders  or  small  crasher  gaugfts  which  can  be  put  In  a  clisrE? 
and  which,  If  found  after  the  explosion,  Bbow  hj  their  reducUoa 
In  slse  the  approximate  mazlnaum  pressure  to  which  they  have 
been  subjected. 

8.  Devicet  for  UiHialure  Bloat*. — Powder  is  exploded  on  the 
surface  of  or  Inside  of  some  homogeneous  material,  such  ts 
wood  or  some  ductile  metal,  and  the  slie  of  the  fracture  or  cavit; 


Ballietic   Pendulum. 


produced  la  taken  as  a  gauge  of  the  power  of  the  explMion. 
Gauges  of  this  class  will  be  discussed  at  length  In  a  subseqaeni 
part  ol  thta  paper. 

9.  Clirtiiirvl  Anali/sit, — In  addition  to  teats  with  tlie  apparatus 
above  mentioned,  In  which  powders  are  actually  exploded,  it 
should  i)e  explained  that  It  is  now  possible  to  analyze  any 
commercial  explosive  by  standard  chemical  methods.  Any  wei' 
equipped  modern  chemical  laboratory  can  make  complete  aD<J 
sufficiently  accurate  analyses  to  determine   the  approximate  com- 
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poEitlon  of  an  explosiTe  and  ita  percentage  oC  any  Buch  active 
agent  aa  Ditro-Elycerlne,  guo-cotton,  etc. 

Tbe  fire  classes  of  apparatus  flrat  mentioned  are  all  obviously 
latended  for  tbe  investigation  of  guns  and  ammunition  and  need 
not  be  discussed  at  length  here,  althougli  some  of  the  gauges  are 
most  beautiful  pieces  of  apparatus  and  of  great  value  to  ordnance 
experts.  Among  these  may  t>e  named,  the  Chronographic  Vel- 
ocity Recorders  of  Le  Boulenger,  Noble,  and  Mahleu,  the  Cmsber 
Oaugea  of  Rodman  and  Noble,  and  the  Manometrlc  Balance  of 
Uarcel  Deprez. 

Eiploelons  In  the  closed  chamtter,  Qroup  6,  would  at  first  seem 
Ilkeiy  to  give  results  of  use  to  engineers  Interested  In  blasting, 
but  the  conditions  in  a  blast  are  really  very  dlSerent.  In  the 
blast,  the  enclosing  subetajice  alvaya  yields  Bomewhat  and  If  the 


Fro.  4.     Gnttmann  Closed  Chamber  with  Lead  Cylinder  Crueller  Gauges. 

quantity  and  quality  of  powder  are  right,  the  material  gives  fn 
many  it  not  In  all  directions.  Tbe  gases  «re  thua  permitted  to 
'ipand,  even  while  the  explosion  la  still  In  progress,  and 
although  tbe  leakage  into  assures  In  the  rock  aids  In  the  work 
of  rupture,  the  temperature  and  pressure  never  rise  to  so  biifh 
»  degree  as  In  a  closed  vessel. 

Similarly,  as  tbe  main  object  In  blasting  is  to  rupture  a  brittle 
Substance  and  only  secondarily  to  eject  it,  tests  with  projectiles 
'n  guns  (claaa  1)  are  not  properly  comparable  with  blasts,  and 
<uch  a  device  as  the  Quinan  gauge,  although  of  great  value  to 
makers  of  powder  who  wiah  to  exactly     duplicate     standard     or 
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farourlte  gradeB,  Is  certala  to  give  mis1e«dlas  results  If  used  to 
eompars  dtaslmllftr  powders. 

Sm&ll  CTUstaer  cylinders  of  Class  7  inl«ht  be  used  bo  delermlne 
tliQ  comparatlvB  pressures  at  different  blasts,  but  the  shots  irould 
bave  to  be  of  full  slie  Id  order  to  get  useful  data,  and  tlie  gaogeG 
would  be  dlfflcuit  to  find  Id  the  debris,  and  wten  found  would 
often  prove  to  have  been  damaged  by  falling  rock.  Ttie  anthor 
kuows  of  no  attempt  to  use  tbese  gauges  except  In  connKtloo 
wlttk  onlnance,  in  whicb  case,  gauges  placed  in  the  gun  with  tht 
powder  can  usuall;  be  found  near  the  muzzle,  and  If  measureil 
give  Indication  of  the  pressure  to  wblch  tbey  have  been  subjected 

Tbe  elgtatli  class  of  miniature  blasts  oSera  a  more  bopefi 
Held  for  ezperlmeat  Wood  Is  a  rariable  material,  but  metal  ntcd 
not  be,  and  tor  eome  rears  the  Trauti  cylinders  of  lead  have  bM 
considered  the  best  knowa  devices  for  testing  blastlog  powdcn 


Via.  5.     Xoble  Closed  Chamber  Gauge  with  Noble  Crusher 
Gauge   to    record   Pressure. 

As  designed  by  Trauil  and  described  by  such  standard  authoriUtf 
aiB  Guttmann,  the  apparatus  ia  a  cylinder  of  cast  lead  £00  01°' 
=  8"  In  diameter,  200  mm.  high,  with  a  hole  20  mm.=V  I" 
diameter,  and  110  mm.=  4%"  deep,  cored  azlally  from  one  M^ 
to  just  beyond  the  centre  of  the  cylinder.  Testa  are  made  ll 
placing  a  weighed  quantity,  usually  20  grms,  of  explosive  la  Q^ 
cylinder,  Ineertins  a  standard  detonator  with  fuse,  tampiiif 
lightly  with  dry  sand,  and  firing.  The  bole  In  which  the  charge 
explodes  Is  greatly  enlarged,  but  the  proportions  of  the  cliwie 
to  cylinder  are  such  that  tbe  latter  la  not  blown  to  pieces,  and 
the  exact  dim«tslouB  of  the  cavity  can  easily  be  measured  bf 
filling  It  with  water  from  a  graduated  vessel.  The  correcUoo 
for  the  force  of  tbe  detonator  can  be  made  by  firing  a  secoal 
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bat  identical  cap  alone  In  a  second  cylinder  and  thus  Ui«  actoal 
power  ol  tlie  pow<d«r  can  be  determined  by  something  very 
similar  to  a  (enuJne  blast 

The  most  serious  tanlt  of  the  Trauzl  teat  Is  that  the  propor- 
tloiu  are  not  those  ot  an  ordinary  blast,  the  hole  is  too  diort, 
the  tnse  la  disproportionately  large,  and  the  tamping  Is  very  tn- 
eSective.  As  a  result  a  very  considerable  part  of  the  force  of  the 
exploBlon  Is  wasted,  and  as  this  loee  la  igreater  for  slow  than  for 
qnlck  powders,  the  test  IB  unfair  to  powders  wlikh  required  sub- 
stantial tamping.  Fig.  6  Bhows  etandard  cylinders  before  and 
after  a  series  of  testa  wltJi  different  powders. 


Fio.   6.     Standard   Traud   Cylinders. 

A  tew  months  ago  the  author  had  occasion  to  compare  a 
number  ot  powders,  and  being  convinced  that  the  proportions  of 
-  the  Trauzl  cylinder  could  be  changed  with  advantage,  he  calculated 
from  theoretical  considerations  the  shape  of  b  lead  cylinder  in 
vhloh  shots  could  be  fired  without  undue  loss  ot  Ibrce  through 
the  charging  hole.  As  these  cylinders  are  quite  oosUy,  and  as 
«ach  one  can  be  used  but  once.  It  was  undesirable  to  make  them  * 
longer  than  necessary,  yet  It  was  equally  Important  to  make  them 
long  Mkough  to  hold  a  reasonable  amount  of  tamping  and  thus  to 
confine  the  gsEes  until  their  work  was  accomplished. 
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After  a  number  of  experiments,  cylinders  of  125  mm.=5*  in 
diameter,  and  200  mm.^'*'  in  lieight,  were  decldsd  upon  and  the 
bore  hole  was  made  12  mm.=15/32"  in  diameter  and  135  mm.=: 
bW  in  depth. 

As  Trauzl  cylinders  of  cast  lead  have  often  proved  uneven  in 
quality  and  even  leak  gas  occasionally,  arrangements  were  made 
to  have  these  new  cylinders  manufactured  in  a  lead  pipe  machioe, 
from  which  the  mandril  had  been  removed  and  a  solid  cylinder  of 
compressed  lead  just  over  5"  diameter,  and  many  feet  in  length, 
was  made  on  special  order  by  the  James  Robertson  Co.,  of 
Montreal.  This  cylinder  was  then  cut  into  lengths  and  borel 
Subsequent  tests  proved  it  to  be  of  perfect  homogeneity  through- 
out. Charges  of  various  sizes  were  used,  but  8  grms.  was  found 
most  satisfactory  for  high  explosives.  As  the  use  of  a  fuse  witb 
the  Trauzl  cylinders  seemed  always  to  lessen  the  efficiency  of  tne 
tamping,  experiments  were  made  with  detonators  fired  by  elec- 
tricity and  the  small  wires  leading  to  these  caps  were  found  to 
interfere  scarcely  at  all  with  the  tamping  of  dry  sharp  sand  which 
was  run  in  on  top  of  the  charge  and  shaken  down  as  compactly  as 
possible.  As  the  bore  hole  was  much  shorter  even  in  these  tests 
than  in  practical  blasts,  this  sand  tamping  was  further  compressed 
by  placing  a  lead  weight  of  about  100  pounds  on  top  of  it  The 
cylinders  when  fired  were,  in  all  cases,  placed  upon  an  iron  anTil 
weighing  half  a  ton. 

A  large  number  of  tests  were  made  in  these  cylinders  and  the 
results  were  most  satisfactory.  Duplicates,  which  with  ordinary 
Trauzl  cylinders  seldom  agree  to  within  many  per  cent,  were 
found  with  the  new  cylinders  to  agree  remarkably  well.  Differ- 
ences of  over  one  per  cent,  were  very  rare,  and  in  most  instances 
the  checks  were  so  exact  as  to  be  practically  identical. 

The  haJf-tone  cuts  7  to  14,  show  a  series  of  these  cylinders, 
and  It  can  easily  be  seen  that  the  conditions  of  the  explosAons 
in  them  must  have  been  much  nearer  those  of  an  ordinary  blast 
than  in  the  typical  Trauzl  cylindens  figured  above. 

The  tests  above  described  are  still  far  from  being  identical  in 
character  with  standard  blasting  operations.  Lead  yields  slovly 
to  rupture,  and  even  in  the  most  extreme  cases  figured  the  cylin- 
ders did  not  absolutely  fly  to  pieces,  whereas  blasts  in  rock,  if 
effective  at  all,  always  rupture  the  material  and  afford  the  gas  an 
almost  free  means  of  escape.  The  author  believes,  however,  that 
tests  made  in  cylinders  proportioned  as  those  he  has  described, 
will  prove  to  be  more  fairly  comparable  with  actual  blasts 
than  tests  made  in  any  other  apparatus  at  present  available. 
Probably  the  cylinders  still  give  somewha-t  high  reeults  for  quick 
powders,  such  as  dynamite,  as  compared  with  slow  powders,  such 
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as  common  blasting  gun  powder,  but  this  dlflfculty  can  no  doubt 
bo  largely  corrected  by  further  changes  in  dimensions  and  by  in- 
creasing the  weight  used  to  confine  the  tamping. 

The  most  important  thing  remaining  to  be  done,  however,  is 
to  compare  tests  in  the  cylinders  with  the  results  of  actual 
blasting  operations  on  a  large  scale,  €md  the  real  purpose  of  this 
paper  is  to  intoi'ost  practicing  engineers  in  the  matter,  in  the 
hope  that  they  will  keep  careful  r(HK>nd6  of  the  results  obtained 
by  the  use  of  different  makes  and  grades  of  powder,  and  will  pro- 
Tide  the  author  with  samples  of  the  powder  used,  so  that  he  in 
turn  'may  make  tests  in  lead  cylinders.  By  co-operation  of  this 
sort  between  field  engineers  and  experimenters  who  are  able  to 
do  accurate  laboratory  work,  it  is  probable  that  some  definite 
comparable  relation  can  be  proved  between  practical  blasting 
in  different  classes  of  rock  and  under  different  conditions  of 
work,  and  small  scale  experiments  such  as  have  been  described. 

The  author  trusts  that  more  than  one  of  his  readers  will  be 
suflSciently  interested  to  co-operate  with  him,  and  he  will  have 
great  pleasure  in  makinig  tests  and  publishing  the  results  of  tests 
on  any  powders  for  which  sufficiently  accurate  and  practical  data 
are  furnished.  If  these  joint  experiments  bring  out  some  con- 
alstent  relation  between  laboratory  tests  and  field  work  on 
different  classes  of  rock,  the  engineering  profession  will  benefit 
greatly,  as  it  will  at  once  become  possible  to  determine  in  advance 
the  approximate  working  strength  of  different  powders  and  to 
tell  which  one  will  be  most  suitable  for  any  particular  work  in 
prospect. 

The  following  table  shows  the  size  of  the  cavities  produced  in 
the  cylinders  figured  in  Cuts  7  to  14.  The  cavities  were  meas- 
ured by  running  in  water  from  an  accurate  burette,  and  correction 
has  been  made  for  the  volume  of  the  original  bore  hole  and  for 
the  effect  of  the  cap.  Powder  No.  1  was  so-called  75%  dynamite, 
and  No.  2,  was  so-called  40%  dynamite.  By  analysis  these  pow- 
ders gave  74.25%  and  37.65%  respectively  of  pure  nitro-glycerine; 
both  were  from  a  well-known  manufacturer.  Powder  No.  7  was 
a  standard  black  blai^ting  powder  from  a  well-known  manufac- 
turer. Powders  No.  65  and  75  were  experimental  explosives  of 
fair  quality  and  uniform  composition.  Powder  No.  50  was  an 
experimental  explosive  which  proved  extremely  variable,  owing 
to  some  fault  in  composition  or  manufacture.  No  two  tests  with 
this  powder  gave  even  approximately  equal  force,  and  one  or  two 
lots  failed  to  explode. 
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Experiments  with  charges  of  wrong  nize. 


The  Style  A  cylinders  were  made  lighter  than  standard  for 
use  with  weak  powdors  only.  The  B  cylinders  w^ere  of  tlie 
dimensions  stated  in  the  paper. 

Acknowledigment  should  he  made  to  Guttmann's  valuahle  works 
on  High  Explosives  for  Figures  1    to    4. 


*A  duplicate  not  figured  gave  enlargement  of  14H. 
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ttoTES  ON  SO'MK  RECENT  EXPERIMENTS  ON  THE  MAGNETIC 

CONCENTRATION    OF    IRON    SANDS    FROM    THE 

IX>WER    ST.    LAWRENCE. 

By   John    F.    Robertson,   M.Sc,    S.  C&n.  Soc.  C.  E. 

lu  attempting  to  uee  the  Ircm  sands  fiom  tbd  low«r  St.  Law- 
rence In  &  blast  furnace,  three  difflculties  are  met  with:— 

FIret,  the  low  percentage  of  Iron  on  account  of  the  dilution 
of  Iron   bearing  mloeralB  wiiU  ordinary  sand; 

Second,  the  presence  of  an  amount  of  titanium  much  greater 
than   that  usually  considered   permlsaibls  In  an  iron  ore; 

Third,  the  finenees  of  the  material. 


Fio.    1.     View    of   Apparatus. 

The  thiril  difficulty  can  be  overcome  by  briquettlng  and  may  be 
left  to  the  metallurgist.  This  note  deals  only  with  attempts  to 
cheaply   overcome  the  first  and  second  dlfficultlea. 

The  apparatus  used  in  the  experlmenta  described  t>elow  is  of 
special  deslgTi  based  on  the  Heberli  drum  separator.  It  consists 
of  a  thin  hollow  brass  cyllndor  about  eight  inches  In  diameter 
and  six  Inches  long,  revolving  Ioobs  on  a  hollow  axle  through 
vhlch  wires  are  passed  to  a  set  of  eight  electro  magnets  arranged 
radially  around  the  axle,  and  together  filling  one-half  of  the 
drum.    The  pole  pieces  Just  clear  the  Inside  o(  the  brass  cylinder. 
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BBch  hu  a  width  of  %  to  1^  Inches  as  desired,  perpendiculsj 
to  the  axis,  and  a  length  of  atwut  six  Inches  parallel  to  It  Gub 
magnet  Is  wonnd  with  fifty-dTS  turns  of  lnsulat«d  wire,  and  the 
wires  are  led  out  throu^  the  hollow  axle  to  a  connection  board 
BO  arranged    that    the    masneta    can    be    connected'  in  series,  or 


FIG.    Z  . 

Bet^tiODBl    ElevatioDB   of   Separator. 


parallel,  and  each  can  be  elren  either  north  or  south  polaritj. 
In  the  experiments  described  below,  the  magnets  were  all  in  series, 
with  alternate  polarity  thus:  N-S-N-S-N-S.  The  magnets  do  not 
revolve  with  the  cylinder,  but  may  be  set  to  covar  any  ISO  degrees 
oE  its  circumference  desired.  The  sand  Ib  fed  to  the  machiae 
from  an  adjustable  hopper  which  can  be  placed  In  different  posi- 
tions so  tbat  tbe  feed  can  be  run  In  at  the  top  or  at  any  part 
of  [he  side  of  tbe  revolving  cylinder.  Fig.  1  sbows  a  photOFTSpli 
of  the  whole  machine  and  Pig  2  two  eectlonal  elevations  oi  the 
cylinder. 

Tbe  advantage  oC  having  the  magnets  of  alt«mate  polarity  't 
ibat  tho  little  grains  of  iron  are  turned  end  tor  end  In  pa^Mi 
each  magnet.  As  there  are  elgbt  magnets,  tbe  Kralna  of  IrW 
are  reversed  six  or  seven  timea,  and  in  trying  to  arrange  Uieni' 
Eetves  to  suit  tbe  magnetism  ot  the  various  poles  they  llbenlt 
the  grains  of  sand-  which  might  otherwiae  be  entangled  is  t 
bunch  ot  grains  ot  Iron  and  thus  be  carried  over  into  the  finlebed 
product. 

The  apparatus  was  designed  to  be  run  either  dry  or  wel  sad 
tbe  drum  can  be  rotated  In  either  direction  and  at  a  great  varietj 
ot  speeds. 
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In  concentrating  dry  sands,  the  machine  Is  run  as  in  Fig.  3, 
the  sand  being  fed  near  the  top  of  the  revolving  cylinder.  The 
non-magnetic  material  Is  collected  directly  under  the  edge  of  the 
cylinder,  while  the  Iron,  pulled  radially  by  the  magnets  and 
moved  by  the  cylinder,  passes  under  the  latter  and  falls  off  cm 
the  other  side.  , 

When  working  with  wet  sand,  the  cylinder  ia  rotated  in  the  op- 
posite direction,  and  the  sand  fed  against  the  side  about  half  way 
down.  The  sand«  with  some  water  from  the  Jet  A  (Fig.  4), 
reaches  the  cylinder  at  B.  That  part  of  the  cylinder  is  moving 
upwards,  and  the  friction  of  the  magnetic  material  as  pulled  by 
the  ma^gnets  is  great  enough  to  carry  it  with  the  cylinder  against 
the  stream  of  water  from  the  Jet  C.  The  non-magnetic  minerals 
not  being  attracted,  are  washed  down  and  away.  D  and  E  are 
two  water  jets  to  clean  the  cylinder  from  any  materials  which 
tend  to  adhere  beyond  the  proper  points  for  discharge. 

It  was  found  that  the  co-efBcient  of  friction  of  magnetite  on 
brass  is  so  low  that  the  grains  tended  to  accumulate  in  rows  in 
front  of  each  pole  piece.  Th!«  difficulty  was  overcome  by  plac- 
ing a  few  stripe  of  electric  tape  across  the  drum  parallel  to  the 
axis.  Covering  the  drum  with  canvas  was  also  tried,  but  while 
this  gave  good  results  in  dry  concentration,  it  carried  too  much 
non-magnetic  stuff  when  run  wet 

The  magnetic  field  utilized  in  the  separator  is  the  stray  field. 
As  first  designed,  the  gap  between  the  pol&  pieces  was  made 
quite  small,  with  the  result  that  a  large  current  was  required  to 
produce  a  sufficient  strength  of  stray  field  outside  the  cylinder. 
The  gap  was  then  widened,  giving  better  results.  It  is  now  pro- 
posed to  further  increase  the  air  gap  between  the  pole  pieces, 
and  enclose  the  whole  working  side  of  the  apparatus  in  an 
external  shield  or  armature.  This  will  cause  a  stronger  and 
more  even  field  to  .pass  through  the  drum,  end  <will  make  it  pos- 
sible to  secure  the  present  strength  of  field  with  far  less  current 

The  only  dry  run  that  has  been  completely  assayed  was  on  a 
sample  of   sand   containing   about   57%    metallic  iron  and  16.25& 
TIO^.       It  is  probable  that   the  major  part  of  the  titanium  was 
in  the  form  of  ilmenite.    Some  may  have  occurred  as  ruUle,  and 
some  no  doubt  was  contained  in  minute  grains  of  ilmenite  en- 
closed in   magnetite.       Assuming  that  the  titanium  occurred  aa 
ilmenite    (Fe  Ti  O^)   the  16.2%  of  TIO^  had  combined  with  it  16.2 x 
56/80=11.8%  of    iron,   so   the   amount   of    iron  capable  of  being 
magnetically   separated   from   the  titanium  would   be  only   57.0— 
11.3=45.7%.     If  rutile   (T10„)    was  present   the  parcentage  of  iron 
freo  from  titanium  may  have  been  more.      If  much  titanium  was 
enclosed  in  magnetite  the  free  iron  may  have  been  less. 
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As  preliminary  work,  several  field  strengths  were  tried,  the 
weakest  used  gave  practically  no  concentrates,  wniie  the  strongest 
took  out  nearly  all  the  titaniferous  material  as  well  as  the  magne- 
tite. As  magnetite  has  a  much  higher  magnetic  permeability  than 
ilmenite,  there  should  be  some  ^strength  of  field  at  which  the 
beads  product  obtained  contains  almost  all  the  magnetite  and 
atill  very  little  ilmenite.  Unfortunately  grains  of  ilmenite  can- 
not be  distinguished  by  the  eye  from  grains  of  magnetite  and 
asfiays  for  titanium  in  the  heads  and  for  iron  in  the  taila  should 
have  been  made  to  show  what  were  the  limiting  amperages  for 
successful  concentration.  In  the  test  in  question,  this  was  im- 
practicable and  a  current  of  seven  amperes  was  used. 

The  result  from  52  lbs.  of  sand  was  22  lbs.  of  heads  assaying 
70.46%.  of  metallic  Iron  and  1.91%  of  TiO  and  30  lbs.  of  tails 
assaying  45.30%  of  metallic  iron  and  23.30%:^  of  TiO^.  This  works 
out  to  a  recovery  in  the  heads  of  65%  of  the  total  free  iron,  the 
heads  carrying  less  than  1/16  of  the  titanium.  A  considerably 
better  recovery  than  this  could  have  been  obtained  with  a  slightly 
higher  amperage  and  no  harm  done  to  the  product  as  iron  ore 
having  2.5%  of  TiO  or  under  is  not  objected  to  by  blast  furnace 
people. 

A  screen  analysis  of  43^  lbs.  of  tails  from  a  somewhat  similar 
dry   run  showed: 

(1)  Remaining  on  an  80  mesh  sieve. ....     . .     9%  lbs. 

(2)  Remaining  on  a  100  mesh  sieve 27%  lbs. 

(3)  Passing  through  a  100  mesh  sieve 5%  lbs. 

Assays  of  these  sizes  showed: 

Fe%        SI  O  %        TiO^  and  Al   O.  % 
Over  80  mesh 35  15.%  35 


o 


l.> 


80  to  100  mesh... 42  4.?i 

Under  100  mesh 60  1.6  16 

The  capacity  of  the  machine  dry  is  about  300  lbs.  per  hour. 
Its  resistance  as  used  is  3  ohms,  so  the  maignets  with  seven 
amperes  passing  required  about  150  watts  or  1/5  H.P.  It  takes 
less  than  1/5  H.P.  to  drive  the  cylinder,  so  the  total  consump- 
tion of  power  is  less  than  one-half  H.P.  A  large  machine  de- 
signed for  economy  of  power  could  easily'  do  equally  good  work 
with  one-half  or  one-third  of  the  current  and  power  per  unit 
weight  of  sand,  viz.,  from  100  to  150  watt  hours  per  300  lbs.  At 
10  cents  per  killowatt  hour,  this  would  amount  to  7  to  10  cents 
per  ton  of  sand.  The  capacity  can  probably  be  further  increased 
by  running  any  but  very  rich  sands  very  fast  so  as  to  make  a 
large  amount  of  poor  heads,  and  then  cleaning  these  heads  by 
re-running  them. 
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Run  wet,  tbe  machine  will  probably  ^  duplicate  the  work  it 
does  dry,  but  the  adjustments  need  more  careful  watching  and 
the  capacity  is  lower.  Six  wet  runs  on  sands  from  Seven  Islands 
gave  heads  conUining  1.10,  2.36.  2.30.  1.48.  1.48.  and  1.67%  of  TiO^ 
Preliminary  runs  on  each  ore  and  numerous  assays  are  necessary 
for  the  determination  of  the  adjustments  required.  A  wet  run 
for  the  exhibit  of  the  Quebec  Government  at  the  Liege  Exhibi- 
tion, which  had  to  be  done  without  assays  or  sufficient  prelimin- 
ary work,  gave  concentrates  carrying  7.13%  of  TiO^.  This  sand 
was  practically  identical  with  that  used  In  the  six  wet  runs 
mentioned  above,  all  of  which  gave  very  low  titanium  in  the 
head£.  The  assays  made  after  tdie  test  was  completed,  are  as 
follows: — 

Heads 

Tails 

The  weights  were: 


Metallic    Iron 

64.31% 

TiO 

7.13% 

Metallic   Iron 

44.95% 

TIO. 

2 

20.17% 

Heads 

27  lbs.  12  oz. 

Middles    (not 

exhibited) 

3  lbs.  10  oz. 

Tails 

27  lbs.  11  oz. 

61%  of  the  free  Iron  was  got  ln<to  the  heads  with  about  l/o 
of  the  titanium.  Th6  sand  was  the  same  as  that  used  in  the* 
dry  run  previously  described,  and  "is  practically  identical  with 
that  which  gave  such  excellent  results  when  preliminary  assays 
were  made. 

The  capacity  of  the  separator  wet  is  about  100  lbs.  per  hour. 
About  0.02  cu.  ft.  of  water  per  minute  is  required  to  reduce  the- 
damp  sand  to  a  pulp,  and  about  0.10  cu.  feet  per  minute  to  wash 
the  tails  from  the  heads.  Sometimes  water  is  used  for  cleaning 
the  heads  and  tails  from  the  bottom  of  the  cylinder  and  some- 
times  not.  The  -  water  could  easily  be  pumped  back  and  used 
over  and  over.  The  total  power  used  in  the  present  small 
machine  when  running  wet  costs  on  an  average  about  50  centfr 
per  ton  of  sand,  but  on  a  large  machine  this  could  oertainly  be 
cut  down  to  one  half  or  one  quarter  that  amount  The  separator 
either  wet  or  dry  is  usually  run  at  87  revolutions  per  minute. 
The  amperages  used  range  from  3  to  11.  5  and  7  being  the 
commonest. 

The  machine  used  in  the  above  tests  was  designed  by  Dr.  J. 
B.  Porter,  Professor  of  Mining  Engineering,  and  built  in  the 
s-hop  of  the  Mining  Department  of  McQlll  University.  The  work 
detailed  was  all  done  under  his  advice  and  general  direction, 
but  great  credit  is  due  Mr.  R.  A.  Chambers,  a  former  student, 
for  tests  which  he  carried  out  on  the  Seven  Islands  sand.     The 
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author  is  responsible  for  the  more  recent  work,  and  thanks  are 
due  Mr.  J.  Obalfikl,  the  Mining  Engineer  of  the  ProYinoe  of  Que- 
bec, for  material.  The  chemical  analyses  were  nearly  all  made 
by  Mr.  M.  L.  Hersey,  Provincial  Analyst,  by  authority  of  Mr. 
Obalski.  The  main  part  of  the  suid  was  furnished  by  Mr.  Wil- 
liam Robertson,  of  Montreal,  but  the  Seven  Islands  sand  came 
from  Mr.  Ganong,  of  Quebec.  The  wet  and  dry  tests  last  made 
were  carried  out  at  the  suggestion  of  Mr.  Obalskl  and  samples 
of  all  products  were  included  in  the  Canadian  Exhibit  at  Liege 
this  year. 

On  the  conclusion  of  the  paper  the  author  exhibited  a  set  of 
samples  of  the  sand  sent  to  Liege,  as  follows: — 

1:  Original  sand. 

2:  Heads  of  d-ry  concentration. 

3:  Tails  dry  concentration. 

4:  Heads  of  wet  concentration. 

5:  Midkiles  of  wet  concentration. 

6:  Tails  of  wet  concentration. 


DISCUSSION. 

Dr.  Porter  Dr.  Poiter  remarked  that  the  problem  of  the  ma^etic  concentra- 
tion of  St.  Lawrence  iron  sand  had  been  a  source  of  interest  for 
a  great  many  y^ars,  and  the  results  of  Mr.  Robertson's  experiments 
would  be  of  interest  to  all  who  read  his  paper. 

Regarding  these  last  tests  for  the  Quebec  Government,  which, 
as  (Mr.  Robertson  had  said,  were  made  without  sufficient  analysis, 
the  need  of  making  careful  analysis  if  accurate  resuiis 
were  required  waa  fully  appreciated,  but  Uie  Quebec  Govern- 
ment  dird  not  make  their  final  arrangements  until  the  time  was  so 
short  that  chemical  work  could  not  be  done.  Mr.  Robertson  had  to 
guees  what  would  be  about  the  right  percentage  of  current  and 
then  sent  the  sand  off  to  Belgium.  Very  much  better  work  could 
have  been  done  had  there  been  more  time,  and  the  fault  was  not 
from  lack  of  knowledge,  but  from  circumstances.  iMr.  Robertsoa 
had  given  details  of  current,  etc.,  which  would  be  of  value  to  any- 
one studying  this  subject.  All  must  bear  in  mind  that  work  iwith 
this  experimental  machine  would  be  more  expensive  than  with  an 
actual  commercial  machine.  The  machine  was  designed  for  various 
kinds  of  work.  If  they  were  to  d-esign  another  especially  for  titan- 
iferous  sands,  it  could  be  made  to  work  far  more  economically.  The 
Federal  Government  had  arranged  to  have  a  large  amount  of  tbe 
magnetic  sands  collected  and  arrangements  would  probably  be  made 
to  have  them  tested  and  smelted.  Both  Government  and  private 
individuals  were  interested  in  the  matter. 

The  point  brought  out  in  the  tests,  with  a  machine  which  was 
not  economical,  was  that  they  had  succeeded  in  getting  a  com- 
paratively cheap  method  of  separating  the  iron  from  the  titanium. 
This  was  purely  an  experimental  machine  and  had  different  ad- 
justments for  difTerent  experiments,  but  no  adjustment  for  economy 
of  current. 

One  means  of  cheapening  the  results  and  getting  more  effective 
magnetism  would  be  to  enclose  the  whole  machine  in  an  external 
armature.  By  referring  to  Figure  2,  all  could  see  that  the  pole 
pieces  were  inside  the  drum  and  anycme  acquainted  with  the  laws 
of  magnetism  would  see  that  only  a  very  small  fraction  of  the  field 
induced  by  these  magnets  was  utilized.  By  changing  the  drum,  and 
especially  by  using  an  external  armature,  it  would  be  possible  to 
get  a  much  greater  number  of  the  lines  of  force  to  come  out  through 
the  drum,  and,  therefore,  to  be  of  use. 
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Mr.  G.  H.  Dawson  referred  to  Figure  4,  and  asked  the  reason  Mr.  i>awion 
why  the  magnets  were  continued  so  far  around  the  drum.    The 
magnets  took  the  material  around  to  almost  the  last  quarter  and 
it  seemed  that  an  unnecessary  amount  of  power  was  used. 

Mr.  Robertson  explained  that  an  unnecessary  amount  of  power  .Mr.  Robertson 
was  certainly  used.    However,  the  machine  was  built  as  an  experi- 
ment and  with  a  commercial  machine  probably  two-thirds  of  the 
power  could  be  saved. 

In  his  early  experiments  he  had  failed  to  sufficiently  separate 
the  titanium  from  the  i<ron  and  the  important  point  now.  was  that 
at  last  they  had  a  machine  wiiich  would  differentiate  between  the 
two,  and  that  fairly  good  economical  results  had  been  obtained. 
The  object  of  the  University  was  to  prove  that  it  was  .possible  to 
separate  these  two  and  it  was  left  to  conimercial  people  to  work 
out   the  other  details. 

Mr.  W.  A.  Duff  said  that  he  understood  they  were  unable  to  get  Mr.  ouir 
all  of  the  titanium  out  by  this  process  and  that  there  was  enough 
left  in  to  be  objectionable. 

Dr.  Porter  replied  that  this  question  had  been  taken  up  with  Dr.  Porter 
blast  furnace  people,  who  informed  him  that  it  was  the  general 
practice  to  look  upon  2%  of  titanium  as  harmless  and  that  it  was 
only  seriously  objectionable  when  it  rose  to  4%  or  6%.  He  did  not 
think  it  was  possible  to  get  all  the  titanium  out,  as  the  minerals 
did  not  occur  in  the  free  state  but  in  the  form  of  an  intimate  mix- 
ture of  mgnetite  and  ilmenite,  and  as  it  had  been  proved  possible 
to  separate  down  to  a  point  where  blast  furnace  people  could  not 
find  fault,  he  considered  that  the  experiment  had  proved  very  satis- 
factory. He  had  no  doubt  that  they  could  separate  far  better,  but 
it  would  entail  greater  cost  and  more  loss  of  iron. 

Mr.  Duff  said  he  understood  there  were  ores  somewhat  similar  ^ir.  Duir 
to  the  one  described  containing  manganese,  and  asked  if  it  were 
possible  to  concentrate  them  also. 

Dr.  Porter  replied  that  he  considered  it  possible,  but  he  knew  otor.  poHer 
no  attempt  to  make  the  separation  in  any  Canadian  ores,  and  there- 
fore he  could  not  say  definitely  what  the  result  would  be. 
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NOTE   ON   A   NEW   INSTRUMENT   FOR   SURVEYING 

DEEP   BORE   HOLES. 

By  J.  B.  PoBTKB,  D.Sc,  M.  Can.  Soc.  C.  E. 

It  is  a  well-known  fact  that  deep  borings  are  seldom  true,  and 
although  artesian  wells  seldom  depart  very  much  from  the  ver- 
tical owing  to  the  method  of  drilling  them,  yet  diamond  drill 
holes  and  other  borings  with  rots.ry  apparatus  very  frequently 
drift  very  far  out  of  line.  So  long  as  the  hole  Is  not  deep  this 
drifting  Is  not  a  serious  matter,  but  on  holes  of  say  1,000  feet,  the 
departure  from  line  sometimes  exceeds  ten  per  cent  In  extreme 
cases  such  as  certain  very  deep  recent  borings  near  Johannes- 
burg, holes  which  were  intended  to  be  vertical  have  drifted  mor€ 
than  2,500  feet  to  one  side  of  tiielr  aim. 

In  view  of  the  great  cost  of  these  deep  borings  it  is  extremely 
desirable  that  the  exact  location  of  cores  brought  to  the  surface 
should  be  determinable,  and  a  number  of  devices  have  been  in- 
troduced within  the  lost  few  years  for  the  purpose  of  surveying 
holes.  Most  of  these  devices  are  comparatively  crude  and  their 
use  involvea  a  great  deal  of  labor. 

The  apparatus  most  generally  used  of  late  years  has  been  a 
cylinder  of  glass,  partially  filled  with  hydrofluoric  acid.  This 
cylinder,  usually  less  than  one  inch  diameter.  Is  enclosed  in  a 
brass  case  and  attached  to  the  end  of  a  string  of  screwed  rods 
and  lowered  into  the  hole  to  a  known  depth  where  it  is  left  for 
some  hours  and  then  withdrawn.  The  Inclination  of  the  hole  can 
easily  be  read  from  the  ^glass  vessel,  as  the  upper  surface  of  the 
hydrofluoric  acid  etches  the  glass  quite  distinctly,  but  the  direction 
of  the  hole  can  only  be  determined  by  marking  the  orientation 
of  the  top  rod  while  the  etching  is  taking  place,  marking  each 
joint  when  the  rods  are  taken  apart  and  flnally  screwing  tbe&i 
together  again  on  the  surface  in  order  to  compare  the  orientation 
marks  with  the  etching  on  the  glass  tube.  By  surveying  point* 
at  distances  of  say  300  or  even  500  feet,  the  general  course  of  a 
bore  hole  can  be  determined  by  the  method  above  described,  but 
the  method  is  laborious  and  costly  and  owing  to  almost  unavoid- 
able twisting  of  the  rods  the  results  have  seldom  proved  very 
satisfactory. 

Another  method  of  surveying  involves  the  use  of  plummets 
and  compasses  immersed  in  a  solution  of  creiatine  which  slowly 
hardens  after  the  apparatus  has  been  sent  down  the  hole.  Tbis 
device,  although  very  ingenious,  has  proved  very  diflicult  in  use 
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d  has  not  met  with  much  success,  especially  in  deep  holes.  A 
very  recent  form  of  the  apparatus  uses  paraffine  in  place  of  gela- 
tine. The  instrument  contains  an  electric  resistance  and  is  con- 
nected with  a  dynamo  on  the  surface  by  double  insulated  cables. 
Xlie  compass  and  plummet  remain  fixed  in  the  solid  paraffine  while 
tlie  instrument  is  lowered  to  the  station  in  the  hole.  Current  is 
tlien  sent  through  the  cable  and  the  paraffine  melted.  The  current 
is  then  sliut  off  and  after  sufficient  time  has  elapsed  for  the 
paraffine   to  solidify  the  instrument  is   reeled   in  and   its   records 
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read.  The  apparatus  should  give  accurate  results,  but  the  long 
line  ol  insulated  cable  is  costly  and  liable  to  injury.  (Marriott- 
Trans.  Inst.  Min.  and  Met,  Feb.,  1905.) 

A  few  months  ago  an  instrument  maker  in  Johannesburg 
designed  a  very  ingenious  apparatus  containing  compass,  plum- 
met, small  cameras,  and  electric  lights,  the  whole  connected  with 
a  small  adjustable  clock  so  that  the  light  could  be  turned  on  for 
a  given  period  after  the  apparatus  had  been  lowered  into  the 
hole.     This  apparatus  was  described  by  its  inventor,  Wm.  Helme, 
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at  a  meeting  of  the  Institute  of  Mining  Surveyors  of  the  Trans- 
vaal on  May  27th,  1905.  It  has  since  been  used  in  surveying  a 
number  of  holes  and  haa  proven  extremely  satisfactory. 

A  prominent  mining  engineer  of  the  author's  acquaintance 
states  that  he  has  had  the  machine  tested  by  surveying  several 
holes  twice  and  has  found  the  readings  to  agree  so  closely  in  all 
cases  that  he  scarcely  considers  it  necessary  to  take  check  readings 
unless  the  first  set  show  some  unusual  change  of  direction  in  the 
hole.  The  apparatus,  instead  of  requiring  rods,  the  use  of  which 
involves  a  great  expenditure  of  time  and  labor,  and  the  use  of  a 
derrick  and  a  power  hoist,  can  be  lowered  on  the  end  of  a  piece 
of  flexible  wire  from  a  large  reel  and  thus  several  observations 
per  day  may  be  taken  by  two  men. 

The  writer  has  not  had  an  opportunity  to  use  the  instrumrat 
in  actual  surveying,  but  has  taken  a  number  of  observations 
with  it  on  the  surface  and  has  found  its  records  interesting  a^d 
apparently  exact.  He  therefore  feels  justified  in  submitting  the 
following  brief  description  of  the  instrument  taken  from  the 
original  paper  by  its  inventor: 

GENERAL  DESCKIITION. 

Briefly  described,  this  instrunieiit  is  one  in  which  both  dip  and 
deviation  are  recorded  by  means  of  photographs  of  the  positions  of  Doth a 
plumb-bob  and  a  magnetic  needle  at  any  desired  point  in  a  borehole.  The 
photographs  are  taken  by  means  of  two  small  electric  lamps  lit  by  » 
**  time  contact." 

DETAILED    DESCRIPTION. 

The    instrument    comprises    a  brass    cylinder    20   to    30   inclies  long ; 
both    length    and     diameter    are     varied    to  suit  the   particular    require- 
ments.    The  cylinder  is  made  in  two  portions,  which  screw  together  quite 
flush  shoulder  to  shoulder.     The  top  and   bottom   are   closed   by  means  of 
tightly-fltting  screwed  plugs.    To  the  top  plug  is  attached  a   brass  swivel 
with  an  eye  piece,  by  which  the  instrument  is  suspended.     The  swivel  is 
fitted  to  the  plug  with  ball  bearings.      The  object  of  this  swivel  is  to  pre- 
vent the  wire,  which   is  used   in  lowering  the  instrument,  from   twisting; 
also,  to  minimise   risk   of  the  instrument  kicking  against  the  sides  of  the 
borehole  when  being  lowered  or  raised.     Inside   the    cylinder,  immedisteiy 
beneath  the  topping,  is  a  spring  resting   on   a  pad,  which   keeps  fimlyui 
position   a  small  watch   or  timepiece.     Below  the  Match   is  a  dry  bstiery. 
Below  this  again    is  arranged  a  tiny  electric  lamp,  and  below  the  lamp  is  & 
glass  plate,    from  the  centre   of  which   hangs  a  small  plumb  bob.    Belo« 
the   plumb- bob  is  a   circular  brass  plate   supported  on  gimbal   bearbgs,  so 
that  it  always  remains  in  a  horizontal  position.     On  this  plate  is  placed  a 
small  disc  of  sensitised  paper.     Below  this   is  another  electric   lamp,  and 
below  this  again  is  a  compass,  which  is  also  supported  on  gimbal  bearings. 
On  the  dial  plate  of  the  compass  is  placed  another  disc  of  sensitised  paper; 
each  disc  is  pierced  by  a  pin-prick  in  the  centre,  and  another  on  one  side, 
and   both  discs  are  fixed  in  exactly  the  same  relative  posiiion,  one  above 
the  other,  when  in  the  instrument.      The  whole  is  kept  firmly  in  position 
from   below   by    another   spring  placed  under  the  little  cup  holding  tbe 
magnetic  needle,  and  resting  on  the  bottom  screwed  plug.     When  the  iisod 
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of  the  watch  is  passing  the  12  o'clock  point  on  the  dial,  it  makes  contact 
for  about  15  seconds  with  a  small  projecting  spring  made  of  copper  foil, 
which  is  connected  with  one  line  from  the  battery.  The  hand  of  the  watch 
is  connected  with  the  other  line  ;  and  so,  when  in  contact  with  the  spring, 
the  circuit  is  completed  ;  both  electric  lamps  are  lighted  ;  and  photographs 
are  taken  of  the  positions  of  the  plumb-bob  and  the  magnetic  needle.  It 
is  only  necessary  to  set  the  watch  so  that  the  hand  will  only  pass  the  12 
o'clock  point  after  sufficient  time  has  elapsed  to  allow  for  the  instrument 
being  lowered  to  the  required  depth,  and  also  to  allow  for  the  plumb-bob  and 
magnetic  needle  having  come  to  rest.  In  practice,  it  is  usual  to  take 
readings  at,  say,  every  200  feet  to  300  feet,  and  two  readings  should 
invariably  be  taken  in  each  instance.  When  once  the  photographs  have 
been  obtained,  the  rest  of  the  work  is  easy  ;  for,  the  height  of  the  point  of 
suspension  of  the  plumb-bob  above  the  ceutre  of  the  disc  being  known, 
and  the  distance  of  the  lower  end  of  the  plumb-bob  from  the  centre  of  the 
disc  having  been  obtained  by  accurately  measuring  the  distance  between 
the  centre  of  the  photograph  of  the  plumb- bob  and  the  centre  of  the  disc, 
the  angle  of  dip  can  be  calculated.  The  direction  is  alno  easily  obtained 
by  placinff  the  two  discs  in  the  same  relative  positions  which  they  occupied 
while  in  the  instrument,  which  can  at  once  be  done  by  means  of  the  two  pin- 
pricks on  each.  The  direction  of  the  liue  joining  the  centre  with  the  image 
of  the  plumbbob  on  the  one  disc  will*then  (unless  it  happens  to  fall  in  the 
magnetic  meridian)  make  an  angle  with  the  photograph  of  the  magnetic 
needle  on  the  other  disc,  and  from  this  angle  the  magnetic  direction  of  the 
path  of  the  borehole  at  that  particular  point  is  determined.  In  surveying  a 
borehole,  say  4.000  feet  in  length,  two  sets  of  readings  should  first  oe 
obtained  at  regular  intervals,  which  should  not  exceed  250  feet  in  length. 
When  these  have  been  obtained,  the  dip  and  deviation  must  be  calculated  for 
each  point,  and  then  sufficient  data  are  available  to  plot,  in  plan  and  section, 
the  true  path  taken  by  the  borehole.  (Proc.  Institute  of  Mine  Surveyors, 
Transvaal,  May  27,  1905.) 
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DISCUSSION. 

Prof.  McLeod  having  been  asked  by  the  Chairman  to  give  his  Prof..McLeod 
opinion  en  the  different  instruments  spoken  of,  and  especially  the 
Helme  Instrument,  said  that  short  of  sending  a  surveyor  down  a 
hole  he  thought  the  machine  was  about  as  complete  as  could  be 
devised  and  that  it  was  well  calculated  to  overcoms  the  objections 
which  existed  in  regard  to  these  surveys.  While  he  h-ad  no 
acquaintance  with  this  class  of  survey,  except  from  books,  he 
thought  in  the  older  method,  which  depended  on  the  action  of 
hydrofluoric  acid  on  glass,  some  of  the  apparatus  had  been  pro- 
vided with  compasses  released  and  then  locked  by  means  of  a 
clock-work,  which  overcame  the  difficulties  mentioned  in  the 
paper. 

Dr.  Porter  said  he  knew  of  this  method,  but  he  believed  It  had  i>'-  Porter 
never  proved  very  accurate.     It  was  not  now  used  to  any  extent. 
He  had  omitted  it  and  several  other  methods,  for  lack  of  time,  and 
bad  only  mentioned  in  this  paper  the  more  commonly-used  devices. 


GENERAL  SECTION. 

President — Phelps  Johnson. 
Vice-President— €.    H.    Rust. 

A  meeting  of  the  General  Section  was  held  on  Thursday,  Decem- 
ber 14th,  1905,  Mr.  Phelps  Johnson  in  the  chair.  The  following 
three  papers  were  read: 

PAFU    No.    2Se. 

THE  GRAND  RIVER.  ONTARIO   PENINSULA: 

Effect  of  Deforestation  and  Swamp  Drainage. 

By  W.  H.  Breithaupt,  M.Can.Soc.C.E. 

The  peninsula  of  South-Western  Ontario  is  remarkable  for  the 
great  bodies  of  fresh  water  surrounding  it  Taking  as  north- 
easterly limit  the  shortest  line  between  Georgian  Bay  and  Lake 
Ontario  the  area  of  the  peninsula  is  16»500  sq.  miles.  The 
area  of  the  abutting  bodies  of  water,  Lake  Huron,  Lake  Erie,  and 
part  of  Lake  Ontario,  is  33,900  sq.  miles,  while  adjoining  Lake 
Huron  on  the  west  and  north-west  are  Lake  Michigan,  25,000  sq. 
miles,  and  Lake  Superior,  32,000  sq.  miles. 

In  topography  the  Peninsula  presents  what  may  be  called  a 
table  land,  comprising  parts  of  the  counties  of  Grey,  Wellington, 
and  Dufferin  (see  map,  Plate  1,)  from  which  the  surface  slopes  in 
every  direction,  abruptly  to  the  north,  where  the  fall  is  over  1,100 
feet  in  a  little  more  than  twenty  miles,  more  gradually  towards 
the  west  and  still  more  so  towards  the  south-weBt  and  south, 
to  the  almost  level  rim  of  surrounding  water,  the  difference  in 
level  between  Georgian  G3ay  and  the  inlet  of  the  Niagara  River, 
i.e..  between  Lake  Huron  and  Lake  Erie,  being  only  about  nine 
feet.  In  general  the  surface  is  rolling.  A  broad,  fiat  area  extends 
for  the  greater  part  from  the  outlet  of  Lake  Huron  along  tfie 
southerly  limit  of  the  peninsula  almost  to  Lake  Ontario.  A 
peculiar  feature  is  the  Niagara  escarpment,  an  abrupt  rise  of  200 
to  300  feet  defining  the  difference  in  level  between  Lake  Erie  and 
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Lake  Ontario,  and  extending  along  the  south  shore  of  Lake  On- 
tario at  a  distance  of  from  five  to  ten  milei  to  Hamilton,  where  it 
is  near  the  head  of  Burlington  Bay.  Thence  it  stretches  to  the 
north  and  is  well  defined  for  a  long  distance.  To  the  east  of 
what  has  been  called  the  table  land  a  broad  ridge  forms  the 
watershed  between  Georgian  Bay  and  Lake  Ontario,  sloping  down 
to  the  level  of  Lake  Simcoe,  which  is  140  feet  above  Georgian  Bay 
and  475  feet  above  Lake  Ontario. 

Westerly  winds  are  largely  preponderant.  Graphic  evidence  of 
this  is  afforded  on  the  exposed  Islands  of  Georgian  Bay,  where  the 
wind  has  almost  a  clear  sweep  for  590  miles,  by  the  scrub  pine 
with  their  well  marked  slant  and  their  branches  mostly  on  one 
side  of  the  trunk.  The  origin  of  most  of  the  precipitation  is  here- 
with indicated.  A  large  part,  especially  in  the  south-easterly  part 
of  the  Peninsula  is,  however,  also  due  to  east  winds  over  Lake 
Ontario. 

Originally  the  Peninsula  was  covered  with  an  almost  continu- 
ous heavy  forest  of  pine  and  hardwood,  interspersed  with  swamps. 
In  1901  the  woodland  area  had  been  reduced  to  14.9%  of  the  whole, 
and  since  then  it  has  become  still  less.  A  large  decrease  of  wood- 
land was  noted  from  1897  to  1901.  There  are  a  few  comparatively 
small  forest  reserves  in  Ontario,  but  none  In  the  Peninsula. 

What  climatic  change  has  been  caused  by  deforestation  is  not 
definitely  known.  Variations  in  temperature  seem  to  have  become 
much  greater  and  more  abrupt,  and  transition  between  the  sea- 
sons of  the  year  also  more  abrupt.  The  forest  cover  kept  the 
ground  moist  after  rainfall  and  retarded  melting  of  the  snow. 
Precipitation  records  have  been  kept  at  various  points  on  the 
lakes  for  over  sixty  years.  In  Toronto  the  records  date  from  1840, 
for  which  year  the  record  is  29.57  In.  rainfall  as  against  30.4  In. 
in  1904.  The  average  total  precipitation,  dividing  snowfall  by  10 
to  reduce  to  water,  for  sixty  years  is  33.0  in.,  with  minimum  24.37 
in.  in  1874,  and  maximum  48.49  in.  in  1878.  For  the  past  ten  years 
the  average  is  31.1  in.  There  is  to  be  said  that  rainfall  and  snow- 
fall observations  are  at  best  only  approximate.  There  is  a  per- 
sonal equation  of  the  observer,  and  results  have  been  found  to 
vary  materially  with  the  height  of  the  instrument  above  the 
ground,  other  conditions  being  alike.  In  the  Interior  of  the  Pen- 
insula records  have  been  only  recent,  for  about  the  last  twenty- 
flve  years,  but  fairly  well  distributed.  From  a  table  compiled  for 
the  years  1883  to  1888  it  appears  that  the  greatest  precipitation 
is  near  the  height  of  the  north-west  slope,  over  40  in.,  other  areas 
showing  mostly  35  to  40  in.,  and  30  to  35  in.  In  passing  it  may 
be  said  that  this  is  very  favorably  above  the  minimum  of  20  in. 
accepted  as  necessary  for  agricultural  or  pastoral  purposes. 
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It  is  clear  that  precipitation  in  the  Peninsula  is  not  materially 
affected  by  deforestation,  but  is  due  more  to  the  permanent  con- 
ditions already  outlined.  The  run-off  Is,  however,  very  directly 
affected.  The  forest  cover  not  only  checks  evaporation  and  snow 
melting  but  reilders  the  surface  permeable  so  that  the  water  finds 
its  way  more  readily  into  the  ground  to  appear  elsewhere  in  the 
form  of  springs,  and  by  drawing  up  and  exhaling  moisture  bene- 
flcially  affects  the  atmosphere.  Large  swamps  are  natural  reser- 
voirs, like  great  sponges,  and  are  extremely  valuable  in  glvmg 
regularity  to  flow  of  streams. 

The   drainage   area  of  the   Grand   River,   as   shown   in  shaded 
outline   (Plate  18),  comprises  nearly  the  whole  of  tha  counties  of 
Wellington,  Waterloo,  and  Brant,  and  parts  of  Dufferin,  Halton, 
Oxford,  Wentworth,  Norfolk,  and  Haldimand,  a  total  of  2.600  sq. 
miles,  approximately  one-sixth  the  area,  and  essentially  the  cen- 
tral part,  of  the  Peninsula.    In  its  original  condition,  about  up  to 
the   year   1800,   this   whole   area  was   densely   wooded   or   covered 
with  swamp.    Some  little  clearing  had  been  done  before  that  date. 
Prom  1800  settlement  extended  as  far  as  Waterloo  Oounty,  which 
by  1820   was   mostly  taken  up.     From  about  1850  on,   settlement 
extended  farther  up,  but  the  headwaters  of  the  river  in  the  town- 
ships of  East  and  West  Luther,  Amaranth,  Melancthon,  and  Pro- 
ton   remained    practically    intact    until    1870.       The    township    of 
Luther,  now  Elast  and  West  Luther,  as  recently  as  1871  is  described 
as  nearly  wholly  consisting  of  impenetrable  swamp.    The  adjoining 
townships   were   largely   swamp   and   partly   hardwood   forest     In 
the  following  years  drainage  of  these  townships,  aided  by  special 
provincial  legislation  and  provision  of  funds,  became  rapid,  as  did 
also  the  general  clearing  off  of  forests. 

Up  to  about  the  year  1860  the  flow  of  the  river  was  fairly 
regular,  with  a  good  body  of  water  throughout  the  summer  and 
no  great  floods  as  a  rule  in  the  spring,  except  locally  where  the 
water  might  be  held  back  by  the  formation  of  ice  gorges.  The 
spring  freshets  were  in  April  or  beginning  of  May,  and  only  ex- 
ceptionally as  early  as  March.  A  record  kept  in  Gait  beginning 
with  1858  gives  the  spring  freshets  at  that  point  as  in  March  for 
the  four  years  1858,  1856,  1860,  and  1861  (these  years  from  other 
records  appear  to  have  been  very  low  in  snowfall)  after  which 
until  1877  they  were  almost  all  in  April.  After  1877  the  floods 
were  mostly  in  March  and  twice  at  the  end  of  February. 

The  minimum  summer  flow  seems  to  have  decreased  more 
(particularly  since  about  1875,  coincident  with  the  drainage  and 
clearing  of  the  head  townships.  From  fairly  definite  evidence  at 
points  in  Waterloo  Township  the  decrease  in  the  past  fifteen  years 
appears  to  be  fully  40%  of  the  minimum  in  1890.    At  Gait   (total 
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drainage  1,325  sq.  miles),  and  farther  down  the  river  tha  decrease 
appears  not  to  have  been  so  much.    The  Speed  River  empties  into 
the    Grand   above   Gait   and   the   Nith   at   Paris.     (Total   drainage 
2,020  sq.  miles.)    The  drainage  areas  of  these  tributaries  have  not 
changed  so  much  in  recent  years. 

The  proportion  of  woodland  in  the  drainage  area  in  1901  was» 
by  townships,  as  follows: — 

Melancthon 16.2    Wilmott 10.2 

Arthur 6.8    Waterloo 9.8 

West   Luther 7.2    Puslinch 6.9 

East    Luther 5.3    Blandford 12.4 

Amaranth • 1.9    Blenheim 8.6 

Bast    Garafraxa ,  . .     6.8    North  Dumfries .12. 

Maryborough *    ..  14.3    South   Dumfries 5.4 

Peel 14.8    Beverly 11.8 

Pllkington 6.5    West  Garafraxa 1.4 

Nichol 15.1    Burford 11.9 

Bramosa..     ..  10.7    Oakland 17.3 

Erin 5.8    Brantford 2.7 

Mornington 10.8     Onondaga 9. 

Wellesley ..      .  15.4    Townsend 12.8 

Woolwich 13.7    Tuscarora mt  given 

Guelph 7.6    Oneida 11.1 

Nassagaweya 21.1    Cayuga 24.4 

North    EJast   Hope 10.4 

For  the  whole  of  the  drainage  area  the  percentage  of  woodland 
is  9.85. 

The  main  source  area  of  the  Grand  River  may  be  considered 
as  extending  to  Elora,  above  Pllkington  Township,  with  a  surface 
of  about  425  sq.  miles.  The  snowfall  throughout  this  section  is 
very  great.  At  Fergus  one  snowfall  year  is  recorded  as  135  in., 
and  a  number  of  years  are  over  100  in.  Formerly  the  forests  and 
swamps  retained  the  snow  and  let  it  off  gradually.  The  country 
from  the  north  of  Melancthon  to  almost  the  south  line  of  Luther 
Townships,  an  extensive  plain,  is  now  of  hard  surface,  largely, 
though  not  mostly,  in  grazing  land  which  can  be  traversed  across 
country  independently  of  roads  in  almost  any  direction.  A  few 
warm  days  in  February  or  March  start  the  run-oft  with  a  rush, 
and  it  takes  but  a  short  time  for  the  accumulation  of  snow  to 
disappear. 

For  comparison  it  will  be  of  interest  to  note  the  forestation  in 
some  of  the  oldest  and  most  thickly  populated  countries  of  Europe. 
A  recent  tabulation,  1902,  gives  the  following  percentage  of  forest 
to  total  area: — 
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Germany 26% 

France 18% 

Belgium 17% 

Hungary 287© 

Austria 32% 

Spain 17% 

Italy 14% 

Could  the  forestation  of  the  Grand  River  basin  be  increased 
to  20%  or  more  there  would  be  no  question  of  great  benefit  in 
regulation  of  flow.  The  Provincial  Forestry  Reports  class  a  large 
part  of  land  as  waste.  The  total  in  the  Grand  River  drainage  area 
from  the  1901  report  is  12.3'%,  the  percentage  being  larger  in  the 
upper  townships.  Waste  lands  are  given  as  including  swamp 
and  marsh.  These  are  by  no  means  waste  when  their  river  regu- 
lation'value  is  considered,  and  for  this  purpose  a  large  increase 
of  swamp  and  marsh  area  would  be  welcome.  There  are  also 
large  areas  of  cleared  non-arable  land,  and  these  present  special 
opportunities  for  reforestation.  In  the  United  States  reforestation 
in  various  parts  of  the  country  has  become  well  established.  In 
Massachusetts,  the  Boston  Metropolitan  Water  Board  alone  re- 
forests about  200  acres  per  annum. 

When  it  is  considered  that  the  valley  of  the  Grand  River  is 
already  well  populated,  will  in  a  short  time  have  three  large 
cities,  Berlin,  Gait,  and  Brantford  on  the  river,  and  is  and  will 
continue  to  be,  one  of  the  foremost  manufacturing  districts  in  the 
Dominion,  forethought  and  provision  in  the  way  of  establishing 
conditions  to  benefit  the  climate  and  regulate  excesses  of  the 
river  must  be  held  to  be  well  worth  while. 

The  available  water  power  of  the  river  and  its  improvement 
by  regulation  of  flow  is  a  feature  of  great  importance.  The  total 
fall  from  Dundalk,  with  elevation  1,710  ft,  to  the  mouth  of  the 
river  is  nearly  1,140  ft.    Elevations  are  successively  as  follows;  — 

Grand  Valley 1,510  ft. 

Elora 1,250  ft. 

Breslau 961  ft. 

Gait 847  ft. 

Paris 731  ft. 

Brantford 641ft. 

I>ake  Erie 572.3  ft. 

In  many  places  there  is  a  very  considerable  fall  In  a  short  dis- 
tance. In  Elora  there  is  a  single  drop  of  over  40  feet,  where  the 
river  enters  a  limestone  gorge.  The  water  power  is  made  use  of 
at  a  number  of  places  along  the  river.  Its  value  is  greatly  im- 
paired by  the  extreme"^  low  water  continuing  for  about  two  months 
in  the  year. 
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The  flow  regulation  of  the  river  by  means  of  large  storage 
basins  is  for  the  present  hardly  practicable  from  an  economical 
view  point,  and  will  not  here  be  further  considered. 

The  cross-section  (Plate  19)  taken  three  miles  above  Breslau, 
Waterloo  Township,  is  a  typical  one  for  a  large  part  of  the  river. 
The  low  water  discharge  at  this  point,  as  measured  in  September 
this  year,  is  82  cubic  ft  per  second.  The  spring  flood  discharge  is 
approximately  10,500  cubic  ft.  per  second,  and  has  been  consider- 
ably more.  The  maximum  continues  for  a  short  time  only,  a  few 
days  at  most.  A  heavy  rain  raises  the  water  level  very  quickly, 
and  has  in  recent  years  given  a  rise  of  as  much  as  4  ft.  over  night. 
At  Brantford  the.  spring  flood  in  1900  was  16  ft  above  low  water 
level.  At  Gait  the  minimum  flow  appears  to  be  about  60%  more 
than  at  the  section  given,  this  being  due  to  the  Speed  River. 
Former  spring  high  water  and  summer  low  water  are  shown  ap- 
proximately on  the  section.  The  photograph.  Figure  1,  taken  near 
the  section  (Plate  19)  shows  recent  high  and  low  water  levels,  high 
water  being  about  a  foot  above  the  bare  place  on  the  tree  at  the 
edge  of  the  bank  where  ice  has  cut  away  the  bark.  Figure  2, 
near  the  same  place,  shows  a  small  elm  8i  in.  in  diameter  im- 
mediately above  the  ice-scarred  part  of  the  trunk.  .  High  water 
rises  about  6  ft.  on  this  tree.  Its  age  would  be  about  30  years, 
indicating  the  probable  period  of  ice  floe  encroachment  on  the 
ground  at  its  base. 

In  conclusion  it  is  to  be  stated  that  definite  observations  in  the 
drainage  basin  are  few.  Precipitation  records  have  been  kept 
since  1881  only  at  Guelph  at  the  Ontario  Agricultural  College,  and 
these  are  much  the  most  reliable;  and  at  Brantford,  Gait,  Cones- 
togo,  Elora,  and  Fergus,  for  periods  of  from  five  to  ten  years. 
There  are  no  data  on  run-off,  except  roughly  general  ones. 
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DISCUSSION. 

Mr.  Btcithaupi  \jr.  iBreithaupt  stated  that  a  great  deal  of  Interest  was  beini: 
taken  in  a  possible  remedy  for  this  condition  of  lack  of  forests, 
and  the  Dominion  Forestry  Association  had  been  in-terested  in  the 
•matter.  It  would  carry  a  great  deal  of  weight  if  the  Canadian 
Society  of  Civil  Engineers  would  represent  to  the  Legislature  ot 
the  Province  of  Ontario  the  necessity  of  some  remedy  for  these 
conditions. 

The  farmers  were  not  encouraged  to  leave  their  wood  standing. 
as  they  had  to  pay  high  taxes  for  wooded  lands,  which  reiucned 
nothing  on  their  Investment,  except,  perhaps,  a  little  cordwood. 
If  something  were  done  in  the  way  of  lowering  these  taxes,  it  would 
probably  be  of  some  benefit.  Many  other  suggestions  had  been 
made,  and  among  these,  at  a  meeting  in  Guelp>h,  it  was  proposed, 
that  waste  lands  be  planted  with  trees  and  the  cost  covered  by 
taxation.  At  Berlin,  the  Water  Works  £#ngineer8*  did  not  need  to 
consider  any  such  question,  as  they  obtained  their  water  supply 
from  artesian  wells,  and  at  Gait  a  similar  condition  of  alfairs 
existed.  A  publication  of  the  United  States  Geological  Survey,  in 
connection  with  rain-fall  and  run-off,  stated  that  it  was  generally 
found  that  forests  did  not  change  the  river  flow  very  much,  but 
equalized  it.  As  a  general  rule,  the  relation  of  run -off  to  rain-faJl 
was  from  40  to  60  per  cent.,  but  often  less  than  40  per  cent,  of  the 
rain-fall  flowed  into  the  streams,  the  remainder  going  off  in 
evaporation  or  being  used  by  plant  life. 

In  answer  ta  a  question  from  Mr.  Wm.  M.  Edwards,  the  author 
said  that  no  municipalities,  so  far  as  he  knew,  had  taken  steps 
towards  establishing  record  stations  of  their  own  for  keeping 
records  of  rain-fall,  etc. 

i'rof.McLt(*d  Prof.  McLeod  said  that  Mr.  Brelthaupt's  paper  recalled  to  him 

a  very  important  discussion  at  the  annual  meeting  of  1903.  The 
Society  had  made  some  very  good  resolutions  in  regard  to  the 
matter  of  asking  the  Government  to  measure  the  flow-off,  and  a 
committee  had  been  appointed  for  this  purpose.  There  was  cer- 
tainly a  large  amount  of  work  to  be  done,  and  it  could  only  be 
accomplished  by  organized  effort  on  the  part  of  the  Government 
He  suggested  that  Mr.  Lea  take  the  necessary  steps  to  induce  the 
Government  to  assume  the  charge  of  this  important  work,  which 
would  be  of  great  value  to  engineers. 

Mr.  Lea  j^T.  Lea  replied  that  it  had  been  proposed  to  prepare  some  kind 

of  memorandum  and  submit  it  to  the  Council,  which  was  to  push 
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the  matter  with  the  Government,  in  order  to  have  certain  streams 
Singed  and  measured  regularly  every  day  for  a  long  period  of 
years.  While  this  information  might  not  be  of  much  value  for 
fiome  time,  it  would  be  eventually,  and  unless  the  work  was  begun 
soon  it  would  be  impossible  to  obtain  the  information  when  it  was 
needed. 

Mr.  Johnson  suggested  that  the  matter  be  looked  into.    Nothing ur- Johnson 
could  be  better  than    a    proper  record    of   certain  strestms,  and  It 
would  be  well  to  bring    the    matter    before  the  Society,  and  take 
some  course  of  action  in  the  matter. 


PAPm    No.     287. 

MILITARY    ENGINE£1R1NG: 

Its  History  and  Connection  with  Civil  Engineering. 

By  Capt.  T.  E.  Naish,  R.E.,  M.  Can.  Soc  C.  E. 

Historical:  — MiLiTABY,  Civil,    and  "Orwamental"  Ewginebriitg. 

Man  was  a  fighter  before  he  became  an  agriculturist  or  a  manu- 
facturer, and  Eo  military  engineering  preceded  civil  engineering, 
and  has  still  retained  (and  always  *will  retain)  some  of  its  primi- 
tiveness. 

Indeed,  between  military  engineering  and  civil  engineering  there 
is  historically  an  intermediate  stage  which  we  may  call  "ornamen- 
tal engineering," — to  this  stage  belong  the  Pyramids,  the  Colossus 
at  Rhodes,  Cleopatra's  Needle,  and  the  enormous  monoliths  in  the 
Phoenician  temple  wall  at  BaaHbec  in  Syria.  Wherever  we  notice 
this  stage  of  "ornamental  engineering,"  we  may  infer  a  lengthy 
period  of  previous  civilization,  which  will  be  confirmed  by  the  re- 
searches of  archaeology. 

We  kno'w  that  Egyptian  civilization  had  existed  for  a  long  time 
when  the  Great  Pyramid  was  built  iby  Cheops,  though  that  event 
took  place  nearly  4,000  years  B.C.,  because  the  art  of  that  same 
period  had  long  passed  the  'barbaric  state,  and  shows  signs  of 
elaboration;  and  the  religion  that  brought  the  enormous  granite 
sarcophagi  of  the  underground  temple  of  Serapis  hundreds  of  miles 
down  the  Nile,  was  not  that  of  a  primitive  people.  It  would  seem 
that  the  ancient  world  had  no  call  for  utilitarian  engineering,  for 
the  energies  of  the  engineer  in  peace  time  were  only  turned  to  un- 
productive and  monumental  works. 

Perhaps  the  earliest  civil  engineering  works  now  in  existence 
are  ancient  canals  and  irrigation  works; — we  read  of  a  celebrated 
Chinese  engineer  named  Yii  who  was  engaged  In  canal  building  in 
B.C.  2,200,  and  we  know  that  there  were  very  ancient  irrigation 
works  in  connection  with  the  Nile  and  its  annual  fiood. 

Probably  the  oldest  military  engineering  work  now  extant  is  the 
great  wall  of  China;  similar  to  it,  b^it  following  thousands  of 
years  after,  are  the  Roman  walls  built  from  sea  to  sea  across  the 
north  of  England,  to  keep  off  the  invasions  of  the  Picts  and  Scots. 
The  very  traces  of  the  greatest  military  engineering  feats  of  old 
have  from  the  nature  of  things  disappeared,  such  as  the  bridge  of 
boats  built  by  Xerxes  across  the  Hellespont,  the  damming  of  the 
River  Eluphrates  at  Babylon  to  effect  an  attack  of  the  city  along 
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the  dried  river  bed,  the  ignition  of  the  besiegers'  ships  at  Syracuse 
with  burning-glasses  by  Archimedes  and  his  Hfting  of  the  same 
ships  by  huge  cranes. 

The  earliest  road  making  was  for  military  purposes, — perhaps 
the  best  known  (though  not  the  most  ancient)  example  of  which 
is  the  Roman  roads  in  Great  Britain;  the  peculiarity  of  these 
roads  is,  that  they  run  often  in  a  perfectly  straight  direction  for 
many  miles,  ignoring  hills.  They  are  still  in  many  cases  in  use, 
and  retain  their  ancient  names,  such  as  Watling  Street,  Fosse 
Way,  etc. 

As  in  the  case  of  the  Chinese  and  Egyptian  civilizations,  the 
first  example  of  civil  engineering  on  the  part  of  the  Romans  took 
the  form  of  hydraulic  works  and  aqueducts,  and  are  in  many 
places  still  in  existence. 

But  one  might  almost  say  that  civil  engineering  is  the  growth 
of  the  last  century; — up  to  that  time  the  word  "engin^fer"  meant 
military  engineer,  and  when  Shakespeare  said 

"  'Tis  sport  to  see  the  engineer,  hoist  by  his  own  petard," 

it  was  not  necessary  for  him  to  qualify  the  word. 

The  engineer  in  Shakespeare's  time  was  engineer  and  artil- 
lerist in  one, — he  managed  the  engines  of  war,  which  then  used 
gunpowder  instead  of  the  more  primitive  propelling  forces  of  the 
catapult,  and  he  blew  in  the  gates  of  a  town  or  castle  with  a  petard 
instead  of  using  the  more  primitive  battering  ram.  In  those  days 
the  word  "artillery"  was  applied  to  the  art  of  the  archer,  as  will  be 
seen  in  the  authorized  trailslatlon  (date  about  A.D.  1600)  of  the 
Bible  (story  of  David  and  Jonathan). 

Likenesses     and     Contrasts    in     the     Various    Bbanches     of 

Civil  and  Militaby  Engineebing. 

In  the  enormous  development  of  civil  engineering  during  the 
nineteenth  century,  it  was  the  steam  engine  that  set  the  avalanche 
moving,  gaining  volume  at  every  foot  of  its  onward  progress. 

There  has  been  no  corresponding  development  of  military  en- 
gineering, but  it  has  been  rendered  increasingly  difficult  to  -become 
a  good  military  engineer.  The  military  engineer  must  scan  the  whole 
field  of  hydraulic,  railway,  mining,  electric,  mechanical  and  sanitary 
engineering,  and  pick  out  from  each  branch  what  will  be  useful  to 
him.  He  cannot  afford  to  neglect  any,  and  must  be  dependent  on 
the  specialist  in  each  for  the  advancement  of  his  own  science,  for 
though  he  may  very  often  become  a  specialist  himself,  yet  he  must 
never  neglect  a  knowledge  of  the  other  branches. 

It  is  not,  however,  a  case  of  being  "master  of  all  trades,"  for 
he  need  only  know  what  of  each  trade  is  capable  of  military  ap- 
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plication.  To  take  an  example: — Development  in  bridge  building 
has  scarcely  affected  the  military  art  at  all,  which  still  remains 
primitive, — military  bridges  are  almost  entirely  built  of  timber. 
rope  and  nails.  It  is  true  that  the  military  engineer  may  be  called 
upon  to  repair  steel  bridges  or  stone  arches  as  in  the  South  African 
war,  but  he  does  this  primarily  by  erecting  a  temporary  timber 
structure  (completed  in  a  few  hours)  and  then  proceeds  more 
leisurely  to  a  permanent  repair  if  the  proximity  of  the  enemy  per- 
mits. Boat  bridging  is  almost  entirely  a  military  art.  and  a 
branch  of  the  Royal  Engineers  called  the  '*Pontoon  troop"  has  this 
as  its  special  occupation.  Again,  the  destruction  of  bridges  is  a 
problem  seldom  faced  except  by  the  military  engineer. 

Of  course,  the  functions  of  the  civil  and  military  engineer  often 
overlap;  principally  in  survey,  in  railway  engineering,  and  in  tele- 
graphy. 

For  many  reasons  it  may  be  convenient  to  carry  out  surveys 
by  a  military  organization,  as  in  the  Ordnance  Survey  of  the  Bri- 
tish Isles,  the  Survey  of  India,  etc.,  and  in  some  cases  it  may  be 
absolutely  necessary  (as  on  a  hostile  frontier);  but  the  methods 
and  instruments  employed  by  military  engineers  are  almost  exactly 
the  same  as  those  of  civil  engineers.  It  is  convenient  to  build 
many  railways  on  or  close  to  the  India  frontier  under  military 
direction,  and  it  was  absolutely  necessary  so  to  build  the  railway 
from  Cairo  to  Khartoum  by  which  the  Soudan  was  re-conquered; 
and  here  again  the  methods  of  military  and  civil  engineer  are  the 
same. 

As  far  as  mechanical  engineering  is  concerned,  the  military  en- 
gineer takes  a  civil  invention,  such  as  the  steam  engine,  oil  engine, 
bicycle,  motor  car,  and  adapts  it  for  military  purposes;  similarly 
with  the  lathe,  shaping  machine,  drilling  machine,  etc.,  when  ap- 
plied to  the  manufacture  of  big  guns  and  other  military  material. 

The  principles  of  sanitation  are  the  same  for  the  military  en- 
gineer as  for  the  civil  engineer,  but  they  have  respectively  to  apply 
them  to  widely  varying  conditions,  as  will  be  seen  by  comparing 
the  problems  of  water  supply  and  disposal  of  refuse  for  an  army  of 
30,000  men  spread  out  for  a  variable  period  along,  of  a  front  of 
(say)  15  miles,  and  that  for  a  similar  number  of  inhabitants  oc- 
cupying permanent  dwellings  in  a  city. 

Telegraph  and  telephone  work  (including  wireless  telegraphy) 
are  almost  exactly  similar  in  their  military  and  civil  developments, 
civil  inventions  being  applicable  almost  without  adaptation  to 
military  requirements;  but  these  sciences  come  in  warfare  under  a 
large  head  which  may  be  called  *'  signalling, '  and  include  the  con- 
veying of  signals  to  a  distance  by  semaphore,  waving  flags  or  flash- 
ing lights. 
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E21«ctrlc  lighting  has  been  applied  to  harbour  defence,  search 
lights  or  iflzed  beams  taking  about  25  H.  P.  to  run  them,  and  also 
to  siege  operations. 

FOBTBESS    WABFABE   FBOM    A   ClYIL    BNOINBEBINO  POINT   OF  ViEW. 

To  turn  from  generalities  to  an  actual  example  of  modern  war- 
fare, let  us  imagine  a  staff  of  civil  engineers,  experts  in  all  the 
branches,  placed  under  the  command  of  the  general  who  is  besieg- 
ing Port  Arthur,  to  give  him  the  benefit  of  their  advice.  How  can 
the  fortress  be  reduced?  First,  the  water  supply  may  be  cut  off, 
and  the  rail'way  rendered  useless  to  the  besiegers. 

The  throwing  of  explosives  from  a  distance  is  now  the  work  of 
the  artillery,  and  the  preparation  of  the  sites  for  the  guns  requires 
more  military  knowledge  than  particularly  scientific  engineering. 

But  how  to  approach  the  chain  of  forts  that  protects  the  for- 
tress? Can  the  engineers  devise  any  means  to  protect  the  attack- 
ing troops  from  the  hail  of  lead  than  mows  them  down  in  swathes 
like  grass,  even  at  a  distance  of  &00  yards, — can  shields  be  devised 
light  enough  to  carry  and  yet  impenetrable  to  bullets?  Can  any 
means  be  devised  to  cut  those  terrible  wire  entanglements?  or  to 
divert  the  electricity  with  which  they  are  charged? 

The  fortress  must  be  reduced  in  six  months; — can  tunnelling 
equipment  be  procured  that  can  drive  a  tunnel  2,000  yards  in  that 
time,  and  so  enable  a  charge  of  explosive  to  be  placed  under  a  fort? 
Can  any  modem  methods  of  excavating  be  employed?  or  are  the 
pick  and  shovel  to  be  the  only  tools  for  earthworks? 

We  can  see  how  essential  telegraphs  and  telephones  would  be 
to  the  conduct  of  the  siege,  and  how  ballooning  would  have  a  field 
of  its  own;  but  for  the  most  part  the  refinements  of  civil  engineer- 
ing would  be  useless, — ^none  the  less  there  would  be  ample  scope 
for  the  common  sense,  readiness  of  resource,  and  energy  whicli 
every  successful  civil  engineer  should  possess. 

FiwAL  Bboad  View  op  Subject, — the  Pateiotic  Standpoint. 

Taking  a  Anal  view  of  the  subject  discussed,  and  from  the 
broadest  point  of  view,  we  find  a  close  connection  between  civil 
and  military  engineering.  Civil  engineering  has  been  defined  as 
harnessing  the  great  forces' of  nature  for  the  service  of  man,  and 
military  engineering  may  he  defined  as  harnessing  those  great  forces 
for  the  service  of  on€s  country. 

Looking  at  it  from  this  point  of  view,  can  the  building  of  the 
Siberian  railroad  be  called  distinctively  either  a  military  or  civil 
operation?  And  can  the  building  of  the  Canadian  Pacific  Railroad 
be  considered  entirely  a  civil  operation?    No  more  than  a  strike, 
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when  organized  labour  enlists  natural  forces  on  its  side  against 
organized  capital,  can  be  considered  a  really  peaceful  operati<Hi. 

There  are  more  ways  of  conquering  a  nation  than  by  |u:taally 
shooting  its  Inhabitants; — ^its  food  supply  (for  instance)  may  be 
cut  off,  and  this  may  be  done  by  apparently  peaceful  operations. 
In  the  establishment  of  the  internal  communications  of  Canada  free 
from  all  warlike  Interruptions,  that  might  disturb  its  supply  of 
food,  of  fuel,  and  of  raw  material  for  manufacturers,  are  not  the 
civil  engineers  of  Canada  doing  the  work  that  is  most  essential  for 
the  defence  of  their  native  land? 

In  such  works  as  the  new  Transcontinental  Rail'way,  the  Geor- 
gian Bay  Canal,  and  railway  communication  to  Hudson  Bay,  Cana- 
dian civil  engineers  are  carrying  out  nothing  less  than  the  peace- 
ful conquest  of  their  own  country. 


DISCUSSION. 

Mr.  H.  R.  Lordly   read    some    notes    he    had    prepared  on  thisM**- Lo'^iy 
subject,  in  which  he  stated   that   any   engineer   with   good   sense, 
judgment,  and  patriotism  would  make  a  good  military  engineer,  as 
illustrated  in  the  war  between  the  Northern  and  Southern  States, 
which  was  so  successfully  carried  on,  much  to  the  astonishment  of 
military  experts  of  other  countries. 

A  new  corps  haxl  been  organized  recently  in  Canada,  which 
would  be  of  interest  to  the  members  of  the  Society,  viz.,  the  In- 
telligence Corps,  directed  by  two  members  of  the  Society  of  Royal 
Engineers,  the  membership  of  which  was  made  up  largely  from  the 
Canadian  Society  of  Civil  Engineers.  The  chief  work  of  this  corps 
was  to  provide  military  engineers  in  time  of  war.  There  was  great 
competition  for  admittance  into  this  Corps  of  Guides,  and  no  one 
was  admitted  unless  he  could  be  of  use  and  could  pass  the  required 
examinations.  The  Government,  however,  sought  and  would  con- 
tinue to  seek  the  services  of  members  of  this  Society. 
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AN  ASPHALT  PLANT  FOR  WALKS  AND  CROSSINGS 

IN  SMALL  CITIBS. 

By  H.  B.  R.  Craio,   A.  M.  Can.  Soc.  C.  E. 

In  dealing  with  this  subject,  the  writer  proposes  to  describe 
an  asphalt  plant  operated  by  the  city  of  Kingston  for  the  past 
twelve  years. 

This  plant  occupies  a  space  of  half  an  acre  in  one  of  the  cor- 
poration yards,  but  at  the  same  time,  should  much  asphalt  work 
be  done  in  ~luiy  district  of  the  city  far  away  from  the  yard, 
the  entire  plant  may  be  advantageously  moved  to  a  convenient 
place  in  that  locality.  A  covered  shed,  30  by  20  feet,  serves  as 
a  protection  to  the  plant  proper,  and  the  remaining  space  is  used 
for  storing  the  stock  of  asphalt,  tar,  and  fuel,  and  for  tarring  the 
broken  stone. 

The  plant  consists  of  an  asphalt  boiler  of  40  gallons  capacity, 
a  sand-heater  with  a  surface  of  100  square  feet,  and  a  mixing- 
board  of  about  the  same  size.  The  sand-heater  is  simply  a  sheet- 
iron  plate,  half  an  inch  thick,  resting  on  four  brick  walls  two  feet 
high  and  one  foot  wide,  enclosing  an  oven.  The  fuel  is  fed  to 
the  oven  through  a  hole  in  one  of  the  walls.  The  initial  cost  of 
the  plant  was  $105.00. 

In  operating  this  plant  the  daily  pay  roll  amounts  to  $12.74» 
and  itemized  is  as  follows: — 
2  Labourers— Boiling  Asphalt,  heating  sand,  and  mixing, 

@  $1.50 $3.00 

1  Labourer— Boiling  Asphalt,  heating  sand,  and  mixing, 

®  $1.67 1.57 

1  Labourer — ^Preparing  the  foundation,   (Q  $1.50 1.50 

1  Labourer — ^Preparing  the  foundation,  @  $1.35 1.35 

1  Labourer — Laying  and  finishing  the  surface  mixture, 

@  $1.57 ..       1.57 

1  Labourer — Laying  and  finishing  the  surface  mixture, 

@  $1.50 1.50 

1  Carter— <:;arting  the  mixture  to  the  walk,  <9  $2.25..   ..      2.25 


$12.74 


There  Is  no  charge  made  for  superintendence,  as  the  foreman 
of  streets  attends  to  that. 
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The  coBt  of  the  yariouB  materials  is  as  follows:— 

Asphalt 1.57   cents   per   pound. 

Sand 90.0  cents  per  cubic  yard. 

Cement 170.0  cents  per  350-lb.  barrel. 

Gravel 75.0  cents  per  cubic  yard. 

Tar 1.0  cent    per  pound. 

The  daily  output  of  the  above  force  is  about  300  square  feet  of 
finished  crossing  or  walk. 

The  following  statement  shows  in  detail  the  cost  of  laying  15,000 
square  feet  of  aspbalt  crossings  during  the  year  1905: 

QoBt  in  Cost  in 

Mi^terial  cts.  per  Labor.  cts.  per 

sq.  ft.  sq.ft. 

Stone 0.267  Boiling    Asphalt    and   heat- 
Asphalt 3.690            ing  sand ..  1.25 

Cement 0.080        Carting 1.088 

Fuel 0.110  Laying    and    finishing    sur- 

Hardware 0.015  face 0.917 

Tarred     Gravel 0.510        Preparing  foundation 1.020 

Sand 0.630         ,  


6.302 


4.275 


Total  cost  per  square  foot  of  crossing 9.577  cents. 

It  will  be  noticed  that  the  charge  for  fuel  is  very  small.  That 
is  due  to  the  fact  that  the  fuel  is  obtained  from  the  old  plank 
walks  whi6h  are  torn  up  when  being  f^placed  by  new  walks.  The 
only  charge,  therefore,  is  that  of  cartage. 

The  cost  of  crossings  is  less  than  that  of  walks  as  the  expense 
of  preparing  the  foundation  is  a  little  more  with  the  latter  than 
with  the  former,  and  more  tarred  gravel  is  required  in  the  case 
of  the  walks  to  give  the  surface  mixture  a  firm  base. 

The  manner  of  construction  of  the  asphalt  crossings  is  as 
follows:  — 

Surface  Miwiure. 

(a)  270  pounds  of  Acme  asphalt  are  heated  to  300  degrees 
Fahrenheit  and  kept  at  that  temperature  for  about  two  hours, 
being  constantly  stirred. 

(6)  20  bushels  of  medium  coarse  sand,  screened  of  all  material 
I  of  an  inch  and  over,  are  heated  to  drive  off  the  moisture. 

(c)  The  asphalt  and  sand  are  then  thoroughly  mixed  by  hand 
on  the  mixing-board. 
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Laying  on  Macadam  Roadtoays. 

A  furrow  is  picked  up  along  tlie  edge  of  the  crossing  so  as  to 
produce  the  desired  camber  and  to  prevent  the  wheels  of  vehicles 
from  cutting  into  the  asphalt  A  load  or  two  of  tarred  gravel  in 
addition  to  this  may  be  required  along  the  length  of  the  crossing. 

The  asphalt  surface  mixture  is  then  laid  on  the  foundation  as 
prepared  to  a  depth  of  two  inches.  It  is  well  tamped  and 
pounded  along  the  edges  and  thoroughly  rolled  with  a  heavy  two- 
man  roller,  the  surface  of  the  roller  and  the  pounder  being  first 
well  oiled  so  as  to  prevent  the  mixture  from  adhering  to  them. 
A  thin  coating  of  cement  is  then  sprinkled  over  the  wearing  sur- 
face and  wetted  down,  about  one  pouhd  of  cement  being  required 
for  every  ten  square  feet  of  crossing. 

Should  the  crossing  requfare  to  be  used  on  the  same  day  or 
if  the  work  is  done  in  very  hot  weather,  some  limestcme  screen- 
ings spread  over  it  and  well  wetted  down  will  act  as  a  protection. 

Asphalt  walks  are  constructed  in  a  similar  manner,  with  the 
exception  of  the  foundation  course.  The  ground  is  cleared  of  all 
loose  material  and  graded  to  a  firm,  even  base,  cinders  well 
sprinkled  and  tamped  being  used  to  bring  the  walk  to  the  re- 
quired elevation.  On  the  cindeni  is  placed  a  4-inch  layer  of  tarred 
gravel.  This  course  is  pounded  to  give  a  firm,  even  bearing  for  the 
surface  mixture,  which  la  then  laid  as  before. 

On  a  heavily  travelled  street  with  the  roadway  abutting  the 
walk,  a  concrete  curb  of  the  usual  design  is  built  in  place  along  the 
outer  edge  of  the  walk.  Wherever  feasible,  however,  the  usual 
custom  is  to  arch  the  outside  edge  of  the  walk  and  tamp  it  well 
into  a  small  furrow.  In  this  way  an  almost  vertical  face  may  be 
produced.  Limestone  screenings  may  then  be  placed  along  this 
edge  for  backing.  A  1  by  10  inch  form  properly  braced  is  placed 
along  the  inside  edge  of  the  walk  before  construction  and  is 
usually  left  there. 

A  method  sometimes  used  for  the  outside  face  is  a  2  by  10  inch 
form  braced  by  means  of  4-inch  cedar  posts  placed  every  six  feet 
on  the  walk  side  of  the  form  and  driven  one  foot  into  the  ground. 
This  is  not  to  be  recommended  as  the  posts  will  eventually  be 
heaved  up  by  the  action  of  the  frost,  thus  destroying  the  wearing 
surface,  and  the  form  soon  rots  out 

The  life  of  the  asphalt  crossings  is  found  to  vary  from  ten  to 
twenty  years.  This  together  with  such  a  low  initial  cost  renders 
them  vastly  preferable  to  plank  crossings  and  even  to  many  of  the 
more  expensive  crossings,  such  as  those  built  of  concrete,  brick, 
or  stone.  For  example  there  are  several  crossings  built  of  asphalt 
in  Kingston  which  have  outlasted  the  surfaces  of  heavy  concrete 
crossings  of  the  same  age  and  two  to  three  times  the  Initial  cost 
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Another  point  in  favor  of  asphalt  for  both  crossings  and  walks 
is  its  elasticity,  which  when  not  too  great  is  very  desirable. 

Several  varieties  of  asphalt  have  been  tried  in  this  city,  such 
as  Trinadad  Lake,  Kiola,  and  Acme.  The  last  brand  is  at  present 
need  and  the  mixture  as  given  is  found  to  be  simple  and  to  produce 
good  results. 


DI9CUa6K>N. 


ir.  Lordly 


Hr.Cnlg 


ICr.  Ooldmark 


Kr.CraiC 


Kr.  Hann&rord 


Mr.  H.  R.  Ijordly  reoomme^ed  taat  the  author  of  the  paper  be 
asked  to  include  in  his  charges  the  time  for  superintendence  by  the 
foreman,  and  also  the  actual  value  of  the  fuel,  because,  if  the  old 
planks  were  of  value  to  the  city  for  fuel,  they  should  be  charged 
to  the  plant  and  the  city  credited  with  the  amount  By  making 
this  alteration,  the  paper  would  be  of  some  value  as  a  comparative 
statement. 

Mr.  Craig  agreed  that  the  foreman's  time  should  be  charged  to 
the  asphalt  work.  The  charge  would  amount  to  0.14  cents  per 
square  foot. 

Mr.  Henry  Qoldmark  asked  about  the  wearing  quality  of  rocul- 
ways  built  of  asphalt,  as  compared  with  those  built  entirely  of 
concrete,  and  said  he  would  like  to  know  if  anyone  present  had 
had  any  experience  in  that  line. 

The  question  was  why  roadways  of  this  class  were  not  more 
general.  He  had  read  that  concrete  roads  were  commencing  to 
come  into  use. 

Mr.  Craig  replied  that  it  was  generally  conceded  that  cement 
concrete  roadways  were  inferior  to  those  surfaced  with  asphalt 
He  could  not  name  any  municipality  which  had  met  with  success 
in  the  operation  of  pavements  of  the  former  kind.  The  objections 
to  cement  concrete  roadways  were  their  friability  on  account  of 
being  BO  (hard  and  unyielding;  their  extreme  slipperiness,  especially 
in  wet  and  frosty  weather;  and  their  greater  cost,  as  compared 
with  a  sheet  a&phalt  or  a  bituminous  concrete  roadway.  Cement 
concrete  as  a  foundation  for  asphalt  block  and  brick  pavements 
haxl,  however,  proved  a  saccese. 

Mr.  Hannaford  'added  that  the  concrete  crossings  in  Kingston 
had  not  lasted  as  well  as  the  asphalt  Crossings  on  Clarence  street, 
at  the  comer  of  King  and  Ontario  streets,  had  been  in  use  for 
twelve  years  and  the  whole  surface  was  chipped  off,  in  some  places 
to  a  depth  of  two  or  three  inches.  Asphalt  crossings  under  the 
same  conditions  and  at  Just  as  busy  places  seemed  to  have  lasted 
much  better. 


MEMOIR  OF  JOSEPH  TOMUNSON. 
By  W11.LIAH  P.  Andebson  and  J.  A.  L.  Wajodell. 

There  paased  away  on  MTay  10th,  1905,  at  the  ripe  old  age  of  89, 
Joseph  Tomlineoii,  at  one  time  Lighthouse*  Engineer  in  the  Marine 
Department  of  Canada,  and  later  Bridge  Engineer  in  the  Depart- 
ment of  Railways;  who,  although  never  a  member  of  the  Oanadian 
Society,  having  retired  from  active  practice  of  his  profession  soon 
after  this  Society  was  organized,  was  yet  so  well  known  and  es- 
teemed by  the  older  generation  of  engineers,  and  did  such  good  work 
for  Canadian  engineering,  that  it  is  eminently  proper  and  ap- 
propriate that  some  record  of  his  life  and  work  should  appear  in 
the  transactions  of  thds  national  society  of  civil  engineers;  the 
more  so,  because  Mr.  Tomlinson  was  of  so  modest  and  retiring  a 
disposition  that  he  never  sought  publicity  for  himself  or  his  work, 
and  has,  consequently,  been  forgotten  by  many  of  our  younger 
members. 

He  was  bom  in  Ruskington,  Lincolnshire,  on  22nd  June.  1816. 
l>eing  one  of  a  family  of  fourteen  children  of  Joseph  and  Ann 
(Shearwood)  Tomlinson,  his  father  being  a  land-owner  who  farmed 
extensively.  As  a  boy  he  was  considered  dull,  and  disappointed 
Ills  parents  so  much  that  they  early  removed  him  from  school, 
where  the  old-fashioned  classical  curriculum  did  not  appeal  to  his 
mathematical  instincts,  and  apprenticed  him  to  a  cabinet-maker  at 
lYewark.  But,  as  often  happens,  they  misunderstood  his  capabilities. 
Long  before  he  was  out  of  his  time,  he  was  acknowledged  to  be 
a  better  workman  than  his  master,  and  during  the  seven  long  years 
of  his  apprenticeship,  he  made  opportunities,  after  the  long  hours 
in  the  workshop,  to  study  mathematics  and  draughtsmanship,  and 
with  the  help  of  a  Mechanics'  Institute,  laid  the  foundation  of  those 
liabits  of  hard  work,  study  and  general  reading,  that  he  kept  up  to 
the  day  of  his  death.  Thie  thorough  training  in  framing  and  wood- 
fitting  he  received  under  the  old  system  of  long  apprenticeship  un- 
doubtedly stood  him  in  good  stead  throughout  his  entire  professional 
career,  for  he  was  often  called  upon  to  supervise  the  fleldwork  of 
large  constructions.  On  such  occasions  there  was  no  detail  of  the 
actual  construction  work  that  he  could  not  undertake  with  his  own 
liands— aind  powerful  hands  they  were,  for  when  in  his  prime  he 
possessed  a  wonderful  physique.  This  ability  to  do.  as  well  as  to 
direct  manual  and  skilled  labour  was  a  great  advantage.  In  that  it 
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gained  for  him  the  respect,  as  hie  kindly  and  genial  nature  gained 
the  esteem,  of  all  his  workimen. 

During  his  youth,  Ehigland  was  in  the  throes  of  the  great  social 
revolution  that  culminated  in  the  Chartist  riots,  and  iMr.  Tomlinson 
knew  and  listened  to  the  teachings  of  the  great  reform  leaders, 
and  had  impressed  on  his  youthful  imagination  the  duties  of  self- 
denial,  of  work  for  the  betterment  of  his  fellows;  in  short,  of 
socialism,  in  the  best  sense  of  the  word;  ideals  to  which  he  re- 
mained constant  through  life. 

In  1840,  when  he  was  24  years  of  age,  Mr.  Tomlinson  came  to 
America  and  settled  in  New  Milford,  Conn.  Here  he  found  the 
practice  in  his  own  trade  so  radically  different  from  the  thorough 
methods  in  which  he  had  been  trained  that  he  drifted  into  other 
branches  of  the  work,  and  soon  found  his  vocation  in  bridge  build- 
ing, through  the  following  incident:  On  inspecting  a  railway  bridge 
under  construction,  he  confided  to  his  friend.  Rev.  Dr.  Noah  Porter^ 
afterwards  President  of  Tale  College,  his  opinion  that  a  miscalcu- 
lation had  been  made  regarding  its  resistance  and  weight,  and  when 
his  judgment  was  Justified  by  the  subsequent  partial  collapse  of  tho 
bridge,  Mr.  Tomlinson  was  employed  to  repair  it,  and  acting  on  Dr. 
Porter's  advice,  turned  his  attention  to  engineering,  subsequently- 
designing  and  building  a  great  many  bridges  on  the  Housatonic 
Railway  extension,  the  Whitehall  and  Rutland  Railway,  and  the 
Harlem  Railway  extension. 

The  first  bridge  he  ever  planned  and  built,  as  a  contractor,  was 
a  bridge  at  Pittafleld,  Conn.,  in  1844,  which  is  still  standing. 

He  prepared  plans  for  and  financed  the  Whitehall  tunnel,  after 
its  construction  had  been  attempted  and  practically  abandoned 
because  of  the  inroads  of  the  quicksand.  On  the  plans  of  this 
tunnel,  he  worked  without  a  single  hour's  cessation  for  three  days 
and  three  nights,  and  this  power  of  concentration  and  prolonged 
work  was  characteristic  of  the  man. 

From  1854  to  1862  Mr.  Tomlinson  was  employed  by  the  New 
Brunswick  Qovemment  constructing  bridges,  and  it  speaks  well  for 
the  honesty  of  his  work  and  materials  that  after  half  a  century 
most  of  these  wooden  bridges  are  still  standing. 

The  only  bridge  he  built  that  fell  was  a  bridge  over  the  River 
St.  John  at  Grand  Falls,  N.B.  Into  this  bridge  he  was  induced  to 
incorporate  Nova  Scotia  iron  that  had  not  been  tested.  On  the 
completion  of  the  bridge  it  was  opened  with  some  ceremony,  and 
carried  safely  a  multitude  of  people  and  a  procession  of  sleighs,  but 
the  next  day,  under  the  strain  of  SO""  of  frost,  it  fell  when  loaded 
with  only  a  single  team.  This  bridge  was  rebuilt  by  Mr.  Tomlinson, 
as  a  suspension  bridge,  with  tested  materials,  and  Is  still  standing. 
Although  the  Government  assumed  full  blame  for  the  catastrophe^ 


Memoir  of  Joseph  TonUinson  323 

It  ia  typical  of  Mr.  Tomlinson  that  he  never  put  in  a  bill  and  was 
never  paid  for  his  work  on  the  fallen  'bridge. 

The  first  bridge  he  built  in  New  Brunswick  was  the  Hammond 
River  Bridge,  still  in  use.  The  best  known  of  his  New  Brunswick 
bridges  is  the  suspension  bridge  over  the  falls  in  the  city  of  St. 
John.  In  later  years  he  was  temporarily  ^borrowed  from  his  light- 
house work  to  put  in  for  the  I.  C.  R.  the  foundations  of  the  railway 
bridges  over  the  Miramdchi  River. 

From  New  Brunswick,  Mr.  Tomlinson  moved  to  Ohio,  in  1862, 
where  he  was  connected  with  the  Lake  Shore  and  Michigan 
Southern  Railway,  and  later  supervised  some  important  structures 
for  the  city  of  Cleveland,  including  the  building  of  a  large  market 
house. 

Mr.  Tomlinson  was  called  to  Kansas  City,  Mo.,  in  1867,  by  Mr. 
Octave  Chanute,  to  act  as  engineer  of  the  superstructure  of  the 
Hannibal  bridge  across  the  Missouri  River,  the  first  permanent 
bridge  to  cross  that  great  stream.  He  designed  the  superstructure, 
and  after  the  channel  piers  had  ibeen  washed  out,  was  put  in  charge 
of  the  foundations,  replaced  them  from  original  designs  and  com- 
pleted the  -bridge  with  perfect  success. 

Wben  the  Honourable  Peter  Mitchell  was  organizing  the  Marine 
Department  after  €k>nfederation  and  wanted  an  engineer  who 
could  undertake  the  construction  of  a  large  number  of  lighthouses 
expeditiously  and  economically,  he  bethouglht  him  of  the  man  whom 
he  had  known  while  In  the  Provincial  Oovemment,  and  who  had 
served  his  native  Province  so  successfully  as  a  worker  in  wood,  and 
invited  Mr.  Tomlinson  to  return  to  Canada,  which  he  did,  remaining 
in  charge  of  lighthouse  construction  during  the  growing  time  be- 
tween 1870  and  1880;  and  although  his  buildings  are  all  cheap 
wooden  structures,  they  were  efficient  and  were  erected  with  marvel- 
ous rapidity  and  economy,  considering  the  great  extent  of  coast  to 
be  covered  and  the  difficulty  of  access  to  many  of  the  sites.  It  was 
while  he  held  this  position  of  General  Superintendent  of  Light- 
houses that  the  writers  of  this  memoir  had  the  privilege  of  be- 
coming acquainted  with  him,  by  working  under  him,  and  are, 
therefore,  in  a  position  to  appreciate  the  great  work  he  did  in  that 
office.  The  Department,  when  he  Joined  it,  was  absolutely  new  and 
had  to  absorb  and  assimilate  the  heterogeneous  practices  of  a  dozen 
Lighthouse  Boards.  Designs  had  to  be  evolved  without  previous 
records  for  consultation;  and  the  amount  of  work  required  could 
have  been  accomplished  only  by  a  man  of  .first-rate  practical  ability. 
Many  of  Mr.  Tomlineon's  towers  still  guard  the  approaches  to  the 
Dominion  and  are  beautiful  examples  of  heavy  braced  framing.  The 
two  octagonal  lighthouses  on  Sable  Island,  erected  in  1873,  and  the 
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tall  tower  on  Greenly  Island,  may  be  quoted  as  exsaaiples  of  his  best 
work. 

He  greatly  Improyed  the  illuminating  apiMuratus  that  he  found  in 
use,  substituting  petroleum  for  the  Oolsa  and  seal  oils  preyiously 
used,  deylsing  improved  burners,  yerifying  each  step  of  his  piogress 
by  photometric  and  laboratory  tests,  and  personally  instructing  the 
lightkeepers  in  the  proper  methods  of  getting  the  best  results  from 
the  apparatus  put  in  their  charge. 

In  1880,  Mr.  Tomlinson  was  transferred  to  the  Department  of 
Railways,  to  design  the  wooden  truss  bridges  and  trestlee  for  the 
Ooyemment  sections  of  the  Canadian  Pacific  Railway,  and  got  out 
a  set  of  standard  designs,  which  were  used  throughout  the  work. 

In  1882  he  was  sent  by  the  Canadian  Government  to  Bngland, 
to  supervise  the  manufacture  of  the  metal-work  for  the  lon^  43anti- 
lever  bridge  that  was  to  span  the  Fraser  River  on  the  main  line 
of  the  Canadian  Pacific  Railway.  Later  on  he  superintended  the 
erection  of  this  noted  structure.  This  was  his  last  considerable 
engineering  work,  and  in  1885  he  cu;cepted  superanniu&tion  and 
settled  in  Cedar  Rapids,  Iowa,  to  be  near  a  large  fann  that  9ie  had 
bought  in  that  neighborhood  many  years  previously,  and  which  is 
now  managed  by  his  eldest  son.  He  remained  at  Cedar  Rapids, 
with  his  wife  and  youngest  daughter,  until  his  death,  which  occurred 
very  suddenly,  while  he  was  engaged  in  his  favorite  recreation  oi 
gardening. 

In  1845  Mr.  Tomlinson  married  Miss  Anna  R.  Northrup,  of  New 
Milford,  Conn.,  and  three  daughters  were  bom  to  the  marriage,  one 
of  whom  is  still  living.  Mrs.  Tomlinson  died  in  1852,  and  in 
September,  1853,  he  married  Miss  Sarah  A.  Wyles,  ol  Lincolnshire, 
England,  by  whom  he  had  five  children,  four  of  whom,  with  his 
wife,  survive  him.  One  of  his  sons,  Mr.  A.  T.  Tomlinson,  is  a 
member  of  our  Society. 

Mr.  Tomlinson's  principal  characteristics  as  an  engineer  were 
extreme  thoroug^hness  in  detail,  neatness  of  execution,  great  per- 
sistency, and  absolute  honesty.  He  did  'personally  a  great  deal  of 
draughting  on  his  various  designs,  and  very  few  draughtsmen  have 
ever  equalled  him  in  neatness  of  execution  and  fineness  of  work. 

One  of  the  main  reasons  for  Mr.  Tomlinson's  great  success  as 
an  engineer  was  the  love  he  had  for  his  work.  He  laboured  for  the 
work's  sake,  and  not  merely  for  the  compensation  received,  a  fact 
which  was  often  taken  advantage  of  by  those  who  employed  him. 

There  was  nothing  to  which  he  looked  back  with  greater  satis- 
faction than  to  the  difficulties  in  construction  he  had  successfully 
overcome.  He  had  absolute  faith  in  his  own  ability,  notwithstand- 
ing which  he  was  always  noted  for  his  extreme  modesty.    He  was 
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ever  ready  to  acknowledge  merit  in  others;  aad  had  a  most  decided 
hatred  for  everything  that  tends  to  give  one  man  an  unfair  advant- 
age over  another. 

His  principles  gave  him  great  influence  over  his  workmen^ 
many  of  the  best  of  them  following  him  from  one  Job  to  another; 
an<d  in  every  way  he  endeavoured'  to  beneAt  them,  signing  the 
temperance  pledge  for  the  sake  of  example,  establishing  reading 
rooms  for  them,  and  continually  striving  to  elevate  their  minds  and 
improve  their  material  condition. 

As  a  bridge  engineer,  he  was  far  in  advance  of  his  age,  and 
worked  out  his  designs  from  carefully-calculated  strain  sheets,  when 
most  bridges  were  being  erected  by  rule  of  thumb.  He  retained  his 
mental  activity  up  to  the  day  of  his  death;  and  during  the  last 
months  of  his  life  was  engaged  in  evolving  a  design  for  a  very  long 
suspension  bridge,  in  connection  with  which  he  took'  out  three 
patents.  Despite  his  great  age,  the  drawings  for  this  bridge  were 
essentially  as  fine  as  those  he  made  during  the  prime  of  his 
life,  and  are  now  being  used  as  models  of  draughtsmanship  for 
youns  engineers. 
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